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INTRODUCTION 

Air  and  water  pollution  and  land  reclamation  relating  to  coal  mining  and 
utilization  continued  to  be  featured  in  research  and  technologic  work  on  coal 
by  the  Bureau  of  Mines  in  1967.   Details  of  the  environmental  studies  are 
given  in  this  report,  along  with  accounts  of  other  research  relating  to  the 
mining  and  utilization  of  coal. 

Other  studies  that  were  continued  during  1967  included  health  and  safety, 
mine  explosives,  coal  preparation  and  transportation,  coal  utilization  proc- 
esses, chemistry  and  properties  of  coal,  inspection  and  analysis,  and  inter- 
national activities. 

Publications  issued  in  1967  are  cited  throughout  the  report  and  in 
appendix  C.   Bureau  of  Mines  research  centers  and  laboratories  are  listed  in 
appendix  A,  and  organizations  contributing  to  or  cooperating  in  the  work,  in 
appendix  B. 

SECTION  1.  -  ENVIRONMENTAL  STUDIES 

Continued  emphasis  was  placed  in  1967  on  reclaiming  damaged  land  and 
reducing  air  and  water  pollution  resulting  from  the  mining  and  utilization  of 
coal.   Land  rehabilitation  featured  an  increase  in  the  number  of  projects  for 
filling  dangerous  voids  caused  by  collapse  of  surface  terrain  over  and  into 
abandoned  mines.   Mine-fire  control  was  implemented  by  financial  support  for 
more  than  2  dozen  projects  throughout  the  United  States.   Acid  mine  drainage 
control,  aimed  at  stemming  this  source  of  stream  pollution,  was  furthered  by 
additional  work  on  field  projects  to  evaluate  control  methods  and  by  research 
on  mine  sealing  to  inhibit  acid  formation.   Solid-waste  disposal  received 
additional  study  through  appraisals  of  mine  refuse  piles  and  disposal  prac- 
tices and  experiments  to  evaluate  the  use  of  fly  ash  from  powerplant  stacks 
to  condition  agricultural  soils  and  to  stimulate  the  growth  of  vegetation  on 

1The  32d  in  a  series.   Previous  report  in  this  series:   Staff,  Bureau  of 
Mines-Coal  Research.   Review  of  Bureau  of  Mines  Coal  Program,  1966. 
BuMines  Inf.  Circ.  8357,  1967,  119  pp. 
Chemical  engineer,  Morgantown  Coal  Research  Center,  Bureau  of  Mines, 
Morgan town,  W.  Va. 


acid  surface-mine  spoils.   Air  pollution  from  coal-fired  powerplants  continued 
under  a  multiphase  attack,  including  surveys  to  locate  low-sulfur  coal  depos- 
its, development  of  methods  for  desulfurizing  coal,  and  studies  of  techniques 
for  removing  sulfur  dioxide  from  flue  gases. 

This  broad  effort,  supported  by  research  described  in  other  sections  of 
this  report,  seeks  to  mitigate  undesirable  effects  on  our  natural  environment 
from  the  extraction  and  use  of  coal.   Achieving  greater  use  of  this  vital 
national  resource,  with  minimum  waste,  is  an  important  additional  objective. 

Mined-Land  Rehabilitation 

Surface  subsidence,  fires  in  abandoned  mines,  and  burning  and  nonburning 
mine  wastes  are  hazards  to  public  health,  safety,  and  property  and  adversely 
affect  local  economic  growth  potentials.   Collapse  of  pillars  in  abandoned 
underground  mines  produces  hazardous  surface  disturbances.   Smoke,  dust,  and 
gases  from  mine  fires  and  refuse  dumps  pollute  the  air  and  blight  the  land- 
scape.  Abandoned  surface  mines  are  a  source  of  potential  fires  and  stream 
pollutants. 

The  Appalachian  Regional  Development  Act  of  1965  authorized  the  Secretary 
of  the  Interior  to  contribute  up  to  75  percent  of  project  costs  to  Appalachian 
States  initiating  programs  to  control  surface  subsidence  and  mine  fires  and 
promote  surface-mine  restoration  on  public  lands.   The  Bureau  of  Mines  imple- 
ments these  programs  for  the  Interior  Department.   The  act  also  directed  the 
Interior  Department  to  make  a  comprehensive  study  of  surface  mining  areas  in 
the  United  States  in  cooperation  with  appropriate  Federal,  State,  and  local 
agencies.   An  interim  report  on  surface  mining  in  Appalachia  was  completed  in 
1966,  and  a  national  report- -"Surface  Mining  and  Our  Environment"- -was  com- 
pleted in  1967,  approved  by  the  Secretary  of  the  Interior,  and  presented  to 
the  President. 

Surface  Reclamation 

Seven  void-filling  projects  have  been  approved  under  the  Appalachian 
Regional  Development  Act  at  a  total  Federal  cost  of  $4.7  million,  including 
contracted  and  estimated  expenditures.   Work  was  initiated  on  three  of  these 
projects  in  1966-67,  two  in  Scranton,  Pa.,  and  one  in  Coaldale,  Pa.   These 
three  projects  will  protect  approximately  2,000  private  dwellings,  numerous 
churches,  schools,  and  public  buildings  and  business  establishments  worth 
several  hundred  million  dollars  and  will  enhance  public  health  and  safety. 

Three  surface-reclamation  projects  on  public  land  in  Pennsylvania  also 
were  approved  at  an  estimated  Federal  cost  of  $374,339.   Work  on  these  proj- 
ects includes  backfilling  and  regrading  of  the  surface  to  eliminate  undesira- 
ble conditions  in  a  public  park,  a  State  forest,  and  areas  adjacent  to  the 
Greater  Pittsburgh  Airport.   One  of  these  projects  was  about  60  percent  com- 
pleted during  1967,  while  work  on  the  other  two  progresses  satisfactorily. 

A  continuing  project  important  to  mined- land  rehabilitation  and  community 
surface-development  studies  is  the  microfilming  of  old  mine  maps  and  data  in 


the  anthracite  region.   This  information  is  invaluable  to  the  formulation  of 
plans  to  contain  or  extinguish  mine  fires,  control  surface  subsidence,  and 
determine  subsurface  conditions  pertaining  to  surface  improvements. 

Mine-Fire  Control 

Twenty-eight  mine-fire-control  projects  have  been  approved  for  Pennsyl- 
vania at  a  total  estimated  Federal  cost  of  $15,180,000.   The  projects,  affect- 
ing nine  anthracite  and  19  bituminous  mines,  offer  direct  protection  to  about 
one-half  million  people  and  property  valued  at  approximately  $1,373,000,000. 
Included  in  this  total  are  public  and  nontaxable  properties  and  improvements 
owned  by  Federal,  Commonwealth,  municipal,  and  religious  organizations,  plus 
service  facilities  such  as  water  lines,  sewage  lines,  and  streets.   Indirect 
benefits  to  adjacent  communities  from  the  elimination  of  mine  fires  also  are 
significant,  increasing  in  proportion  to  the  acceleration  and  intensity  of  the 
fire. 

Three  of  the  approved  projects  are  in  progress  in  anthracite  and  three  in 
bituminous  regions,  while  seven  projects  have  been  completed  in  the  bituminous 
region,  five  during  1967.   Twelve  additional  projects  are  being  investigated 
cooperatively  by  the  State  and  Federal  Governments  or  have  been  submitted  for 
consideration. 

Ten  fire-control  projects  were  completed  in  Western  States.   Nine  of 
these  projects  were  on  public  or  Indian  lands  in  Arizona  (one),  New  Mexico 
(four), North  Dakota  (two),  and  Wyoming  (two);  the  tenth  was  on  privately  owned 
property  in  Wyoming.   Maintenance  was  also  performed  on  four  previously  con- 
trolled fires  in  Colorado  and  Utah,  and  work  was  begun  on  another  on  public 
lands  in  Utah.   To  date  187  fire-control  projects  have  been  completed  (under 
Public  Law  83-738)  in  13  States  at  a  cost  to  the  Government  of  $4,800,000.   An 
estimated  688  million  tons  of  coal  was  conserved. 

Acid  Mine  Drainage  Control 

Demonstration  Projects 

Two  field  projects  were  continued  in  search  of  economical  ways  to  reduce 
stream  pollution  from  acid  water  from  coal  mines.  Acid  mine  water  is  created 
by  flow  of  surface  and  underground  streams  into  mine  workings  where  the  water 
dissolves  compounds  formed  by  oxidation  of  iron  sulfides  from  coal,  rock,  and 
refuse.  Air  in  the  mine  further  oxidizes  the  ferrous  sulfate  to  ferric  sul- 
fate which  hydrolyzes  to  form  iron  hydrates  and  sulfuric  acid. 

The  projects  sites  are  Roaring  Creek-Grassy  Run,  near  Elkins,  W.  Va., 
and  Black  Creek,  near  Mocanaqua,  Pa.   Both  projects  are  being  conducted  in 
cooperation  with  the  Federal  Water  Pollution  Control  Administration,  the 
Geological  Survey,  the  Bureau  of  Sport   Fisheries  and  Wildlife,  and  various 
State  agencies. 

The  construction  phase  of  the  Roaring  Creek-Grassy  Run  project  was 
reduced  in  scope  and  completed  (fig.  1).   Two  underground  mines  above  drainage 
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are  involved- -one  with  an  area  of  approximately  3,400  acres,  of  which  1,800 
acres  were  worked  on,  and  another  of  44  acres.   Subsidence  areas  adjacent  to 
highwalls  were  cleared  and  grubbed,  with  part  of  the  solid  ground  between  the 
areas  excavated  for  fill  and  additional  fill  borrowed  to  provide  a  compact 
surface.   Compaction  backfill  was  used  to  seal  mine  openings  when  highwalls 
were  crushed  too  severely  to  permit  erection  of  standard  masonry  seals.   In 
this  method,  12-inch-thick  by  12-foot-wide  layers  of  clay,  overlapping  10  feet 
on  either  side,  are  placed  against  the  crushed  opening  and  compacted  with  a 
roller  until  the  highest  fracture  in  the  highwall  rock  is  covered.   The  com- 
pacted area  then  is  backfilled  "to  facilitate  rapid  drainage  of  rainwater 
away  from  the  highwall. 

In  all  about  2,635,000  cubic  yards  of  material  was  excavated  and  back- 
filled in  strip  mine  areas,  145,000  cubic  yards  of  surface  subsidence  was 
corrected  adjacent  to  and  above  the  highwalls,  and  59,000  cubic  yards  of  com- 
paction backfill  was  applied.   One  hundred  mine  seals  were  erected  in  mine 
openings,  of  which  44  were  the  solid  masonry  type,  12  were  masonry  seals  with 
water  traps  that  permit  water  outflow  but  prevent  air  inflow,  43  were  clay 
plug  seals,  and  one  was  a  sand  seal.   All  mine  openings  were  backfilled  except 
those  with  trap-type  masonry  seals,  and  all  but  eight  of  the  seals  were  con- 
structed within  reclaimed  strip-mined  areas.   The  effectiveness  of  corrective 
measures  at  the  44-acre  mine  can  be  evaluated  directly  by  monitoring  the  flow 
rate  and  quality  of  the  water  discharged  through  the  water  trap  in  the  masonry 
seal. 

The  Black  Creek  site  at  Mocanaqua,  Pa.,  was  aerially  photographed,  mapped, 
and  explored,  and  drilling  was  completed  (two  core  and  12  churn  drill  holes) 
to  study  the  complicated  geology  and  hydrology  of  the  three  major  basins  in 
the  Black  Creek  watershed.   Five  superimposed  and  severely  folded  coalbeds 
had  been  mined  in  the  basins  and  sizable  faults  were  found  in  two  of  the 
basins.   Specifications  were  prepared  for  a  construction  contract. 

Drainage  Control  in  Operating  Mines 

Cooperative  agreements  were  executed  with  several  coal  companies  to 
undertake  drainage-control  studies  in  operating  mines.   A  systems  engineering 
approach  will  be  made  leading  to  field  experiments  seeking  to  reduce  the 
amount  of  acid  and  iron  in  the  mine  water.   Data  are  to  be  obtained  and  evalu- 
ated to  determine  the  acid-forming  potential  of  mines  as  a  function  of  various 
factors,  including  the  coal;  superjacent  and  subjacent  strata;  type,  distribu- 
tion, and  amount  of  pyrite;  location  and  thickness  of  limestone  and  shale  for- 
mations; location,  quantity,  and  quality  of  ground  waters;  drainage  pattern  of 
surface  and  underground  waters;  and  the  mining  system  employed.   Geologic 
studies  were  continued  of  surface  and  ground  water  features,  using  contour 
maps,  core  log  data,  and  aerial  photographs.   Numerous  subsidence  areas  and 
cracks  over  the  mines  were  located  and  recorded.   Underground  drainage  pat- 
terns were  established  and  the  flow  rate  and  quality  of  mine  effluents  were 
monitored  regularly. 

Suggestions  were  made  to  coal  company  officials  for  experiments  to  reduce 
acid  water  and  iron  production  by  means  of  inundation,  air  sealing,  in  situ 


neutralization,  water  inflow  diversion,  mine  sealing  through  boreholes,  and 
revision  of  exploration  methods  and  mining  systems.   New  techniques  for  pre- 
venting the  formation  of  acid-  and  iron-laden  water  will  also  be  tested  to 
determine  their  feasibility. 

Mine  Sealing 

In  a  related  project,  mine  air  sealing  as  a  method  of  reducing  acid  water 
formation  (by  preventing  air  oxidation  of  sulfur)  continued  to  be  studied  at 
Decker  No.  3,  an  84-acre  abandoned  mine  near  Kittanning,  Pa.   Acidity  of  the 
effluent  from  Decker  No.  3  has  decreased  gradually  throughout  the  experiment 
and  this  trend  was  not  significantly  affected  by  reduction  in  oxygen  content 
of  the  mine  atmosphere  from  21  percent,  the  normal  percentage  in  air,  to  about 
17  percent  as  a  result  of  the  sealing.   No  difference  in  air  pressure  across 
the  seal  has  been  recorded.   This  indicates  that  the  mine  readily  adjusts  to 
atmospheric  pressure  changes,  although  no  air  leaks  from  the  mine  have  been 
observed.   A  contract  was  let  for  an  aerial  survey  by  infrared  scanning  to 
detect  leaks. 

Ground  water  levels,  mine  effluent  hydrographs,  and  meteorological  condi- 
tions indicate  that  water  from  Decker  No.  3  comes  chiefly  from  the  seepage  and 
percolation  of  rainwater,  not  from  higher  ground  above  an  adjacent  mine. 
Below  the  weathering  zone  the  strata  are  virtually  impermeable  to  surface 
water,  except  for  steeply  dipping  fracture  zones  caused  by  mine  subsidence. 

A  16-acre  abandoned  mine  in  the  same  area  and  coal  seam  as  Decker  No.  3 
was  air  sealed  in  May  1966.   In  subsequent  months  the  oxygen  content  of  the 
air  in  the  mine  decreased  to  about  10  percent,  and  a  small  difference  in  air 
pressure  across  the  seal  was  noted  during  atmospheric  pressure  changes. 
Acidity  of  the  effluent  had  changed  but  little  after  1  year,  when  the  experi- 
ment was  interrupted  by  premature  reopening  of  the  mine.   This  experiment 
showed  promise  of  success,  but  it  could  not  be  completed. 

Mine-Water  Neutralization 

Mine-water  treatment  presently  consists  primarily  of  removing  the  sul- 
furic acid  and  soluble  iron.   Neutralization  of  mine  water  with  a  cheap  alka- 
line agent,  however,  would  offer  distinct  economic  advantages.   Research  by 
the  Bureau  demonstrated  the  practicality  of  neutralizing  with  limestone. 
Investigation  was  continued  of  the  factors  involved  in  limestone  neutralization. 

A  pilot  plant  was  built  that  utilizes  coarse  limestone  to  continuously 
neutralize  100  gallons  per  minute  of  acid  water  (fig.  2).   Tests  were  then 
begun  with  synthetic  mine  water  produced  by  adding  sulfuric  acid  and  iron 
(ferrous  sulfate)  to  tapwater.   Synthetic  solutions  may  respond  somewhat 
differently  than  fresh  mine  waters,  but  they  should  provide  useful  information. 
In  the  initial  tests,  the  acid  was  neutralized  rapidly  and  the  amount  of  iron 
removed  was  found  to  be  related  to  pH,  flow,  residence  time,  and  temperature. 

3Deul,  Maurice,  and  E.  A.  Mihok.   Mine  Water  Research.   Neutralization. 
BuMines  Rept.  of  Inv.  6987,  1967,  24  pp. 
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FIGURE  2.  -  Mine-Water  Neutralization  Facility. 

The  rate  of  removal  of  ferrous  iron  increased  directly  with  increase  in  water 
temperature  but  was  independent  of  ferrous  iron  concentration  at  neutral  con- 
ditions.  Average  pH  of  the  treated  effluent  ranged  from  6.5  to  7.4,  or 
slightly  acid  to  slightly  alkaline.   Full-scale  tests  with  actual  mine  waters 
are  planned  for  both  winter  and  summer  seasons.   The  presence  of  0.16  percent 
C02 ,  five  times  the  normal  concentration,  in  the  air  used  to  remove  C02  gen- 
erated during  neutralization  lowered  the  pH  of  the  treated  water,  reducing  the 
iron-removal  rate.   Studies  were  begun  of  methods  of  decreasing  the  C02  con- 
centration to  increase  the  pH  and  thus  promote  faster  oxidation  of  iron 
(ferrous)  and  achieve  more  rapid  removal. 

Tests  were  conducted  to  evaluate  aeration  as  a  method  of  oxidizing  the 
iron  (ferrous)  in  unneutralized  acid  mine  water.   Oxidation  of  iron  in  acid 
mine  w£  ^r  (13°  C  (55°  F) ,  pH  3.2,  170  ppm  iron)  proceeded  at  essentially  sim- 
ilar rai  5  in  both  aerated  and  unaerated  samples  during  the  first  72  hours. 
After  72  Hours  oxidation  proceeded  more  rapidly  in  samples  which  were  slightly 
aerated  (200  cm  of  air  per  liter  of  water  per  minute). 

Solid-Waste  Disposal  and  Utilization 
Mine  Refuse 


A  study  was  continued  to  determine  the  size  and  nature  of  the  solid-waste 
disposal  problem  and  to  appraise  the  cost  and  effectiveness  of  current  disposal 


practices.   Numerous  refuse  banks  have  been  examined  during  this  study.   At 
some  of  these,  reclamation  is  being  carried  on  by  industry;  at  others,  no 
attempt  at  reclamation  is  being  made.   Alternative  or  improved  methods  for 
solid  waste  disposal  are  to  be  recommended. 

Control  of  the  production  and  disposition  of  wastes,  development  of  new 
preparation  techniques,  and  the  creation  of  new  uses  and  markets  are  also  of 
vital  importance. 

The  coal  mining  industry  continued  to  develop  methods  and  demonstrate  the 
feasibility  of  quenching  burning  refuse  and  disposing  of  nonburning  piles. 
Promising  procedures  have  been  developed,  but  additional  work  is  required  to 
collect  data,  refine  methods,  and  investigate  their  applicability  to  other 
burning-refuse  banks.   Currently  under  investigation  are  quenching  and  exca- 
vation cycles,  safety  procedures,  equipment  performance,  fume  and  dust 
control,  and  costs. 

Fly  Ash 

Coal  ash  removed  from  powerplant  stacks  was  evaluated  further  for  use  in 
surface-mine  spoils  reclamation  and  agriculture.   Fly  ash  was  shown  to  assist 
the  reclamation  of  mine  spoils:   addition  of  600  tons  of  raw  alkaline  ash 
increased  the  pH  from  3.5  to  6  and  made  the  texture  of  the  resulting  soil-ash 
mixture  better  for  plant  growth  (fig.  3).   In  the  agricultural  application 
Virginia  Polytechnic  Institute,  Blacksburg,  Va.,  in  a  cooperative  program, 
began  studies  to  determine  the  chemical  and  physical  reactions  of  fly  ash  with 
Virginia  soils  and  the  effect  of  fly  ash  addition  on  crop  yields.   Virginia 
soils  are  similar  to  those  in  many  parts  of  the  United  States,  hence  the  find- 
ings could  have  wide  application.   The  Bureau  of  Mines  also  is  conducting 
studies  to  see  if  fly  ash  in  sintered  form  will  loosen  compacted  earth,  thus 
improve  its  moisture  retention  and  aeration  characteristics  and  produce  a 
thicker,  more  durable  turf  for  golf  courses,  athletic  fields,  and  similar  areas. 

A  fly  ash  utilization  symposium  was  cosponsored  with  the  Edison  Electric 
Institute  and  the  National  Coal  Association  in  March  1967. 5  This  symposium 
was  the  first  international  conference  ever  held  on  fly  ash.   It  covered 
actual  and  prospective  uses  for  fly  ash  in  cement  and  concrete,  chemicals, 
agriculture,  brick  and  block,  hydrated  limes,  and  highway  construction. 
Bureau  of  Mines  presentations  at  the  symposium  dealt  with  the  nuclear  measure- 
ment  of  carbon  in  fly  ash  and  studies  of  fly  ash  utilization  in  agriculture. 

4Engle,  Carl  F. ,  and  John  P.  Capp.   Fly  Ash:   New  Hope  for  Strip  Spoil? 

Science  Serves  Your  Farm  and  Home.   West  Virginia  Univ.  Agric.  Experiment 

Station  Bull.  544,  Winter  1967,  pp.  1-4. 
5Faber,  John  H.,  John  P.  Capp,  and  John  D.  Spencer.   Fly  Ash  Utilization 

Proc.   Edison  Electric  Institute-National  Coal  Association-Bureau  of 

Mines  Symposium,  Pittsburgh,  Pa.,  Mar.  14-16,  1967.   Inf.  Circ.  8348, 

1967,  345  pp. 
6Work  cited  in  footnote  5,  pp.  262-270. 
7Work  cited  in  footnote  5,  pp.  210-220. 
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FIGURE  3.  -  Spoils  Reclamation  With  Fly  Ash. 
Desulfurization  of  Coal 


Research  was  continued  on  methods  of  desulf urizing  coal  to  reduce  air 
pollution  caused  by  sulfur  dioxide  (S02)  emitted  from  powerplant  stacks.   More 
than  90  percent  of  the  powerplant  coals  burned  in  the  United  States  contain 
more  sulfur  than  is  permitted  by  current  and  proposed  air  pollution  regula- 
tions.  Continued  large-scale  consumption  of  coal  for  electric  power  genera- 
tion may  depend  on  finding  lower  sulfur  coals  or  developing  ways  to  remove 
more  sulfur  from  the  coals  that  are  presently  available. 

Various  sulfur  removal  methods  are  under  investigation.   Laboratory  work 
was  continued  on  the  removal  of  pyrite,  an  iron  sulfide  compound,  by  froth 
flotation.   Cumulative  dosages  of  lime  (calcium  hydroxide)  changed  the  zeta 
potential  of  pyrite  and  coal  from  negative  to  positive  while  decreasing  their 
respective  f loatabilities.   Similar  results  were  obtained  with  other  reagents 
such  as  cationic  organic  polymers  and  iron  and  aluminum  salts,  suggesting  that 
the  floatability  of  pyrite  and  coal  is  related  to  the  sign  and  magnitude  of 
their  zeta  potential.   While  most  of  the  reagents  tested  seemed  to  be  equally 
adsorbed  by  both  coal  and  pyrite,  zeta  potential  determinations  indicated  that 
the  iron  compounds  were  more  selectively  adsorbed  by  the  pyrite.   Pyrite 
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floatability  was  depressed  in  the  presence  of  aluminum  chloride,  while  the 
floatability  of  coal  was  not  affected. 

Separation  of  pyritic  sulfur  from  coal  by  centrif ugation  also  was  inves- 
tigated further  via  tests  with  high-sulfur  coal,  35-mesh  top  size,  conducted 
for  the  Bureau  by  the  Sharpies  Equipment  Division,  Pennsalt  Chemicals  Corp. 
Samples  of  product  from  these  tests  had  not  been  analyzed  at  the  end  of  the 
year,  but  pyrite  appeared  to  have  been  separated  from  the  coal  during  the 
centrifugal  process.   A  laboratory-scale  solid-bowl  centrifuge  was  built  and 
is  also  being  evaluated. 

An  electrokinetic  process  is  under  study  as  a  method  of  removing  finely 
divided  pyrite  from  a  mixture  of  pyrite  and  coal  particles  in  water.   Control 
of  the  polarity  (positive  or  negative)  and  strength  of  the  electrokinetic 
charges  on  the  coal  and  pyrite  is  an  important  consideration  in  the  method. 
In  tests  during  the  year,  particles  of  coal  and  pyrite  suspended  in  water  con- 
taining a  colloidal  suspension  of  aluminum  hydroxide  moved  toward  oppositely 
charged  electrodes.   This  is  a  promising  finding,  but  further  tests  are 
necessary  to  fully  evaluate  the  technique. 

Wet  tabling,  another  sulfur  removal  method,  is  known  to  remove  free 
pyrite  from  coal,  but  the  exact  pyrite  sizes  on  which  a  table  is  effective  and 
the  separation  efficiency  of  the  method  are  unknown.   Accordingly,  a  new  fine- 
coal-washing  pilot  plant  was  built  and  a  quarter-scale  wet  concentrating  table 
was  installed  in  an  experimental  coal-washing  system  (fig.  4).   Preliminary 
runs  with  the  table  circuit  were  satisfactorily  completed  in  preparation  for 
formal  tests.   Reduction  of  pyritic  sulfur  in  products  from  fine-coal  washers 
of  unconventional  design  or  modified  conventional  vessels  also  is  being 
studied.   In  1967  an  8-inch  cyclone  was  installed  in  a  small  closed  circuit 
to  determine  the  feasibility  of  washing  48-mesh  by  zero  coal  in  a  dense-medium 
cyclone. 

In  a  related  study  washability  data  for  25  Appalachian  coals  that  require 
low-density  washing  to  reduce  the  sulfur  content  to  1  percent  or  less  were 
analyzed  to  estimate  washed-coal  yields,  recovery  efficiencies,  and  how 
closely  theoretical  sulfur  values  could  be  approached.   (It  was  assumed  that 
the  run-of-mine  coal  would  be  crushed  to  a  top  size  of  three-eighths  of  an 
inch  and  cleaned  in  a  dense-medium  cyclone.)   Calculations  indicated  that 
theoretical  sulfur  contents  could  be  approached  quite  closely  when  cleaning 
at  a  specific  gravity  of  separation  as  low  as  1.30.   With  coals  of  favorable 
density,  recovery  efficiencies  anticipated  for  cleaning  at  a  specific  gravity 
of  1.30  were  high. 

Dry  processes  for  pyrite  removal  are  also  being  investigated  (fig.  5). 
Most  coal-cleaning  plants  utilize  wet  processes  that  remove  only  limited 
amounts  of  pyrite,  and  for  some  furnaces  the  coal  has  to  be  dried  before  it 
is  burned.   A  centrifugal-type  air  separator  has  been  shown  capable  of  effec- 
tively removing  pyrite  from  finely  pulverized  dry  coal  provided  the  coal  is 
ground  fine  enough  to  release  the  pyrite  and  the  particle-size  range  is  narrow 
enough  for  particle  mass  to  serve  as  the  basis  for  separation.   Many  of  the 
pyrite  particles  in  Pittsburgh-seam  coal,  however,  were  found  to  be  less  than 
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FIGURE  4.  -  Desulfurizing  Coal  by  Wet  Tabling. 

74  microns  in  diameter  (200  mesh),  which  is  too  small  to  be  amenable  to  sepa- 
ration.  Various  methods  were  investigated  for  sizing  the  coal  prior  to 
centrifugal  separation.   The  most  promising  method  utilizes  the  difference 
in  grindability  of  the  coal  and  pyrite  to  grind  the  former,  thus  keep  the 
latter  of  maximum  size  to  facilitate  separation. 


Research  was  initiated  in  1967  on  the  electrostatic  separation  of  pyrite 
from  coal.   Many  granular  solids  with  electrical  conductances  differing  by  a 
factor  of  10  can  be  separated  electrostatically.   Since  pyrite  and  some  bitu- 
minous coals  reportedly  have  conductances  that  differ  by  a  factor  of  100,  they 
may  be  separable  by  this  method.   Test  equipment  was  designed  to  provide 
(1)  an  ionic  field  for  electrostatic  separations  based  on  differences  in  con- 
ductances, and  (2)  a  high-intensity  static  field  for  separation  utilizing  con- 
tact electrification.   Separation  of  pyrite  from  coal  by  magnetic  methods  is 
also  under  investigation.   Primary  objective  of  this  research  is  to  determine 
the  effect  of  crushing  on  the  amenability  of  pyrite  to  magnetic  separation. 
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FIGURE  5.  -  Removing  Pyrite  From  Coal. 

Sulfur  Survey  of  Coal  Reserves 

New  programs  were  initiated  in  1967  to  determine  the  extent  and  location 
of  low-sulfur  coal  reserves,  trends  in  production  capacity,  and  other  factors 
relating  to  cost  and  availability  of  low-sulfur  coals.   The  Bureau  also  par- 
ticipated extensively  in  public  hearings  before  municipal  and  other  regional 
authorities  on  the  availability  and  cost  of  low-sulfur  fuels  anent  proposed 
sulfur  limitations  and  fuels  heretofore  utilized.   Also  studied  were  coal's 
changing  position  in  the  Nation' s  expanding  energy  markets  and  factors  at  home 
and  abroad  which  influence  U.S.  exports  and  our  international  balance  of  pay- 
ments.  Technical-economic  data  were  published  to  guide  industry,  the  public, 
and  Government  agencies. 


Information  from  exploration  data  is  needed  to  forecast  coal  preparation 
needs  and  apply  optimum  production  schedules  where  selective  mining  is  neces- 
sary.  In  cooperation  with  the  United  States  Steel  Corp.,  the  Bureau  in  1967 
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undertook  a  study  of 
sulfur  and  ash  dis- 
tributions in  a  high- 
sulfur  area  of  the 
Pittsburgh  seam. 
Analysis  of  545  cores 
from  Greene  County, 
Pa.,  served  as  the 
basis  for  the  study 
in  which  statistical 
methods  were  used  to 
predict  the  sulfur  and 
ash  content  of  the 

Q 

coal,  figure  6.    Com- 
puterized analysis  of 
samples  from  holes 
drilled  in  a  carefully 
planned  pattern  was 
combined  with  availa- 
ble geological  and 
chemical  data  to 
establish  trends  in 
the  coal  property. 
These  trends  were  then 
processed  by  computer 
to  obtain  a  map  of  the 
coalbed  showing  the 
locations  of  coals 
according  to  their 
qualities.   The  abil- 
ity to  predict  sulfur 
from  analysis  of  coal 
cores  would  give  coal 
operators  information 
with  which  to  plan 
mining  programs  and 
assess  coal  prepara- 
tion problems  in 
advance  of  mining. 

8 Gomez,  Manuel,  and 
Kathleen  Hazen. 
Prediction  of  Sul- 
fur and  Ash  Content 
of  Coal  in  Place  by 
Corehole  Analysis. 
S.M.E.  Fall  Meeting, 
AIME,  Sept.  7-9, 
1967,  Las  Vegas, 
Nev.,  Preprint 
67F329,  28  pp. 
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Stack-Gas  Purification 

Sulfur  Dioxide  Removal  from  Gases 

Process  Development 

Removal  of  sulfur  dioxide  (S02)  from  coal-burning  powerplant  stack  gases 
is  essential  to  the  continued  use  of  coal  for  electric  power  generation.   In 
this  regard,  various  materials  and  methods  for  removing  S02  were  studied  fur- 
ther during  1967.   Absorption  of  S0S  by  alkalized  alumina,  for  example,  was 
developed  to  the  pilot  plant  stage.   In  this  process,  particles  of  alkalized 
alumina  entrained  in  the  flue  gas  absorb  the  S03  and  pass  out  the  top  of  the 
absorbing  vessel.   Some  of  the  alkalized  alumina  particles  are  separated  from 
the  purified  gas  and  returned  to  the  absorber;  the  remainder,  together  with 
any  solids  from  the  bottom  of  the  vessel,  are  transferred  to  another  unit  and 
are  regenerated  to  active  absorbent  by  means  of  a  reducing  gas.   Several 
pilot-scale  tests  of  the  two  principal  steps- -absorption  of  S02  and  regenera- 
tion of  S02-laden  absorbent- -have  indicated  the  process  is  feasible.9   Eighty 
to  ninety  percent  of  the  S02  in  the  flue  gas  has  been  consistently  removed  by 
the  method,  and  the  alumina  has  been  completely  regenerable.   A  valid  estimate 
of  the  useful  life  of  the  absorbent  requires  further  testing  with  alkalized 
alumina  that  is  more  resistant  to  attrition.   Such  a  material  is  now  available 

1  D 

from  commercial  suppliers,  and  a  larger  pilot  plant  treating  25,000  standard 
cubic  feet  per  hour  of  flue  gas  has  been  built  to  demonstrate  continuous  oper- 
ation and  provide  reliable  data  on  absorbent  life  (fig.  7). 

Another  potential  method  for  S02  removal  from  stack  gas  involves  the  use 
of  solids  impregnated  with  active  agents.   Known  as  chromatographic  sorption, 
the  process  is  continuous  and  requires  a  very  active  sorbent  that  may  be  regen- 
erated efficiently  by  heating.   A  bench-scale  investigation  is  being  conducted 
of  the  sorptive  capacities  and  regenerative  efficiencies  of  various  organic 
and  inorganic  agents  impregnated  on  carriers  (fig.  8).   Factors  under  consid- 
eration are  type  of  carrier,  mode  of  impregnation,  composition  of  impregnating 
material,  treatment  temperatures,  and  type  of  regenerating  gas. 

Manganese  oxide  is  recognized  as  exceptionally  good  for  absorbing  sulfur 
dioxide,  but  methods  for  regenerating  the  resulting  MnS04  (for  reuse  as  absorb- 
ent) are  costly  and  the  products  are  not  very  valuable.   Bureau  scientists  are 
seeking  better  methods  for  regenerating  the  absorbent  and  cheaper  manganese 
compounds  for  use  as  absorbents.   In  a  search  for  improved  regeneration  tech- 
niques, an  investigation  was  continued  of  various  gases  for  regenerating  spent 
manganese  oxide  absorbent.   Hydrogen,  carbon  monoxide,  methane,  air,  nitrogen, 
carbon  dioxide  and  steam,  and  mixtures  of  these  were  reacted  with  spent  absorb- 
ent at  various  temperatures  from  450°  to  900°  C  (842°  to  1,652°  F) . 

9Bienstock,  D.,  J.  H.  Field,  and  J.  G.  Myers.   Process  Development  In  Remov- 
ing Sulfur  Dioxide  from  Hot  Flue  Gases  (in  Four  Parts).   Pilot  Plant  Study 
of  the  Alkalized  Alumina  System  for  S02  Removal.   BuMines  Rept .  of  Inv. 
7021,  1967,  52  pp. 
10Field,  J.  H.,  R.  C.  Kurtzrock,  and  D.  H.  McCrea.   How  to  Prevent  S02 
Emission.   Chem.  Eng.,  v.  74,  1967,  pp.  158-160. 
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FIGURE  7.  -  Alkalized  Alumina  Process  for  Removing  Sulfur  Dioxide  From  Flue  Gas. 

Substantial  reduction  in  the  sulfur  content  of  the  absorbent  was  achieved,  but 
the  activity  of  the  absorbent  remained  below  that  of  the  original  absorbent. 
Variation  in  regenerating  gas  composition  and  temperature  are  being  studied 
further  to  determine  optimum  conditions.   Initial  activities  of  inexpensive 
manganese  ores  were  found  to  be  considerably  lower  than  that  of  precipitated 
manganese  oxide.   Methods  are  being  investigated  for  increasing  the  activity 
of  the  ores. 


Tests  in  commercial  boilers  indicate  that  the  addition  of  limestone  and 
dolomite  may  effectively  reduce  the  amount  of  S02  and  S03  released  to  the 
atmosphere  during  combustion  of  sulfur-bearing  fuels.   To  study  this  technique, 
a  small  pulverized-coal  furnace  was  reconditioned  and  modified  for  injection 
of  limestone  or  dolomite.   Coal  rate,  excess  air,  amount  of  limestone  addition, 
limestone-dolomite  ratio,  and  point  of  limestone  addition  have  received  major 
study.   In  a  series  of  tests  using  coal  alone  and  coal -dolomite  mixtures,  up 
to  99  percent  reduction  of  the  S02  concentration  was  achieved. 
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FIGURE  8.  -  Evaluating  Absorbents  for  Sulfur  Dioxide. 

Other  materials  for  removing  S02  from  flue  gas  continued  to  be  investi- 
gated, including  producer  gas,  phosphate  rock,  metal  sulfides,  oil  shales, 
ammonia,  and  bauxite  waste.   In  work  with  producer  gas,  synthetic  flue  gas 
containing  S02  was  mixed  with  producer  gas  at  2,500°  F  (1,370°  C)  in  the 
absence  of  catalyst.   About  5  percent  of  the  sulfur  in  the  flue  gas  was  con- 
verted to  pure  elemental  sulfur,  showing  that  the  reaction  is  feasible,  even 
without  a  catalyst. 

Phosphate  rock  dust  was  reacted  with  flue  gas  containing  sulfuric  acid 
mist  produced  by  catalytic  oxidation  of  the  S02  in  the  gas.  Good  yields  of 
superphosphate  fertilizer  and  byproduct  calcium  sulfate  were  obtained. 


In  the  metal  sulfides  work,  pilot-scale  studies  are  underway  on  the  use 
of  pyrite  (ferric  sulfide)  to  remove  S02  from  stack  gases.   Pyrite  is  heated 
to  produce  elemental  sulfur  and  pyrrhotite  (ferrous  sulfide);  the  latter  is 
then  reacted  with  the  stack  gas  to  make  more  elemental  sulfur  and  iron  oxide, 
In  1967,  pyrite  heated  to  1,625°  F  (885°  C)  produced  sulfur  and  pyrrhotite, 
demonstrating  the  feasibility  of  the  first  step  in  the  process. 
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In  work  with  eastern  oil  shales,  samples  from  Ohio  were  retorted  to  give 
shale  oils  and  residues.   The  latter  are  being  studied  for  their  capacities 
for  removing  S02  from  flue  gas.   Western  shales  have  already  been  studied  and 
found  capable  of  absorbing  S02 .   One  shale  containing  shortite  absorbed  10.4 
grams  of  S02  per  100  grams  of  shale  at  600°  (1,110°  F)  and  14.0  grams  of  S02 
per  100  grams  of  shale  after  regeneration.   Attempts  will  be  made  to  increase 
the  absorbing  capacity  of  this  material  at  lower  temperatures. 

Removal  of  S02  from  combustion  gases  was  also  achieved  through  reaction 
with  ammonia  vapors.   Solid  products  formed  in  the  reactor,  however.   Efforts 
are  being  made  to  agglomerate  these  so  they  can  be  filtered  from  the  hot  gas 
and  processed  to  release  the  ammonia  for  reuse.   Hot  filtration  is  desirable 
because  if  the  stack  gases  can  be  kept  hot  they  will  rise  and  disperse  more 
effectively  in  the  atmosphere. 

Wastes  from  bauxite  processing,  including  red  mud  from  Jamaica  bauxite 
and  brown  mud  and  sand  from  Arkansas  bauxite,  showed  promise  as  low-cost 
absorbents  for  sulfur  oxides.     Red  mud  had  a  high  capacity  for  S02  removal 
(26.5  g  S02  removed  per  100  g  sorbent  charge)  at  500°  C  (930°  F)  ,  while  the 
brown  mud  and  sand  were  less  active.   Red  mud  could  be  used  on  a  once-through 
basis  in  areas  where  enormous  amounts  of  it  are  stocked  as  waste.   Under 
suitable  conditions  it  can  be  regenerated  for  reuse  and  the  sulfur  recovered 
as  a  byproduct. 

Nitrogen  oxides  (mostly  nitric  oxide,  NO)  formed  during  the  combustion 
of  fossil  fuels  have  been  shown  to  be  involved  in  smog  formation  in  the  Los 
Angeles  area.   At  lower  combustion  temperatures,  nitric  oxide  decomposes  into 
the  harmless  constituents,  N2  and  02 ,  but  the  decomposition  rate  is  very  slow. 
Decomposition  of  NO  should  therefore  be  assisted  by  exposure  to  a  catalyst. 
A  catalytic  reactor  was  constructed  to  study  the  decomposition  of  NO  in  simu- 
lated flue  gas.   In  the  initial  tests,  all  the  NO  (850  ppm)  in  helium  carrier 
gas  was  completely  decomposed  by  exposure  to  platinum  catalyst.   Cheaper  and 
more  rugged  catalysts  will  be  tested  to  determine  their  effectiveness  for 
decomposing  NO. 

Sulfur  Dioxide  Removal  Costs 

Several  systems  appear  to  be  available  for  removing  S02  from  flue  gas 
from  coal-burning  powerplants.   Economics  will  determine  the  choice  of  method, 
but  it  is  possible  that  all  systems  may  be  used,  depending  on  plant  location, 
technical  advances,  type  of  fuel  used,  and  marketing  environment  for  the  sale 
of  byproducts. 

Capital  requirements  and  operating  costs  were  estimated  for  three  of  the 
more  widely  considered  dry  methods  —  alkalized  alumina,  catalytic  oxidation, 

13-Field,  J.  H.,  J.  G.  Myers,  J.  W.  Mulvihill,  and  H.  W.  Wainwright.   New 
Potential  Absorbents  for  Sulfur  Oxides  Removal  from  Flue  Gas.   Div.  of 
Pet.  Chem.  Inc.,  Am.  Chem.  Soc . ,  Chicago,  111.,  v.  12,  No.  4,  Sept.  10-15, 
1967,  pp.  A-9-A-15. 
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and  Reinluft.12   Of  the  three,  costs  were  lowest  for  the  alkalized  alumina 
process.   Several  wet  methods  also  show  promise  for  S02  removal,  but  the 
economics  of  these  systems  appear  less  favorable  than  for  the  dry  processes. 

Chlorine  Removal  from  Gases 

Although  American  coals  contain  very  little  chlorine,  most  of  it  is 
liberated  during  combustion.   A  Bureau  of  Mines  project  funded  by  the  U.S. 
Public  Health  Service  seeks  to  determine  the  nature  of  these  chlorine  com- 
pounds, the  quantities  evolved  in  combustion,  and  techniques  to  reduce  the 
amounts.   Results  of  initial  combustion  tests  in  an  experimental  furnace 
(fig.  9)  indicated  that  more  than  90  percent  of  the  chlorine  compounds  are 
evolved  in  gaseous  form,  almost  entirely  as  hydrogen  chloride,  and  are  readily 
condensed  on  cooling  in  the  water  formed  during  combustion.   Sodium  carbonate 
is  also  being  added  to  the  coal  before  combustion  to  see  if  this  will  reduce 
the  output  of  chlorine  compounds. 

Stack-Gas  Sampling 

Development  was  begun  of  an  integrated,  portable  system  for  continuously 
analyzing  stack  gases  for  weight-flow  and  sizes  of  dust  and  for  concentrations 
of  gaseous  constituents.   Development  of  such  a  system  should  be  less  costly 
than  using  nonintegrated  systems  containing  currently  available  equipment. 
Moreover,  existing  equipment  is  inadequate,  particularly  for  sampling  dust  and 
determining  dust  concentrations  and  sizes.   A  system  capable  of  continuous 
monitoring  should  provide  better  control  over  the  discharge  of  pollutants  into 
the  atmosphere.   Underground  mines,  "clean"  rooms,  and  the  atmosphere  could 
also  be  monitored  effectively. 

A  portable  probe  is  being  constructed  that  will  automatically  traverse  a 
stack  and  withdraw  representative  samples  of  dust  and  gas.   Methods  also  are 
being  developed  for  measuring  dust  sizes.   In  one  system,  figure  10,  instru- 
ments record  electric  currents  collected  from  four  conductor  segments  carrying 
electrically  charged  particles  of  dust.   Variation  in  current  flow  from  each 
segment  is  a  measure  of  dust  size.   Concentrations  of  gaseous  constituents  are 
determined  by  commercial  instruments. 

Coal  as  Purification  Agent  for  Sewage 

Tests  were  continued  with  coals,  chars,  and  fly  ashes  to  determine  their 
capacities  for  removing  organic  contaminants  from  sewage  plant  effluent. 
Because  removal  efficiencies  obtained  in  batch  tests  could  not  be  duplicated 
in  tests  of  continuous  streams  of  sewage  through  beds  of  coal  in  glass  columns, 
a  different  type  of  continuous  flow  unit  was  constructed  (fig.  11).   In  the 
latter  unit,  coal  and  sewage  are  fed  and  discharged  continuously  in  a  stirred 

12Katell,  Sidney,  and  Kenneth  D.  Plants.   Here's  What  S02  Removal  Costs. 
Hydrocarbon  Processing,  v.  46,  No.  7,  July  1967,  pp.  161-164. 
Katell,  Sidney,  and  Kenneth  D.  Plants.   The  Economic  Outlook  for  Processes 
to  Remove  S02  from  Powerplant  Flue  Gas.   Trans.  Am.  Assoc,  of  Cost  Eng., 
July  10-12,  1967,  pp.  335-344. 
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FIGURE  9.  -  Combustor  for  Chlorine  Study. 
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FIGURE    10.  •  EGD  Analyzer  for  Dust  Size  in  Stack  Gases. 
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FIGURE    11.  •  Testing  Coal  as  Waste  Water  Purifier. 
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tank  contactor.   Results  of  preliminary  tests  with  the  contactor  came  closer 
to  duplicating  results  obtained  in  the  batch  tests. 

SECTION  2.  -  COAL  MINING 

Longwall  Mining 

Information  is  urgently  needed  regarding  the  relation  between  self- 
advancing  roof  supports  and  control  of  roofs  in  the  longwall  mining  of  coal. 
Accordingly,  work  was  started  to  develop  means  to  measure  and  record,  con- 
tinuously and  simultaneously,  the  load  and  yield  of  roof  supports  and  con- 
vergence of  the  roof  and  floor. 

Ground  stress  investigations  were  concluded  at  the  Carbon  No.  20  mine, 
Carbon  Fuel  Co.,  Carbon,  W.  Va.   As  a  result  of  this  study,  a  technique  was 
developed  for  employing  hydraulic  borehole  pressure  cells  to  measure  stresses 
induced  by  movement  of  coal  and  rock  strata.   Response  tests  were  made  to 
convert  pressure  changes  measured  by  the  cells  to  actual  changes  in  ground 
pressure.   A  limited  number  of  roof-  and  floor- convergence  measurements  were 
taken  along  the  face  as  it  approached  the  pressure  cells.   These  data  are 
being  analyzed. 

Coalbed  Degasif ication 

Methane  in  coalbeds  is  not  a  chance  occurrence  but  a  byproduct  of  the 
coalif ication  process.   The  presence  of  this  explosive  gas  is  not  only  a 
safety  hazard  but  an  impediment  to  increased  productivity  and  a  major  factor 
in  mine  ventilation  costs.   Ventilation  by  dilution  is  the  only  method  now 
employed  to  control  methane  concentrations  in  mines.   However,  studies  have 
shown  that  there  are  definite  laws  controlling  the  flow  of  gases  through 
coalbeds.     The  development  of  effective  control  and  degasif ication  methods 
other  than  dilution  should  therefore  be  possible. 

Solid  coal  is  largely  impermeable,  but  large  volumes  of  methane  can  be 
adsorbed  in  the  coal  pores  and  compressed  in  fractures.   Degasif ication  tech- 
niques fall  into  three  categories: 

1.  Decreasing  the  gas  permeability  of  the  fractures. 

2.  Pumping  liquids  into  the  fractures  to  force  out  the  gas. 

3.  Reducing  the  pressure  on  fractures  to  release  compressed  gas. 

Unstable  foams  have  been  used  in  the  laboratory  to  reduce  the  permeability  of 
coal  fractures  to  zero;  fractures  have  been  blocked  in  this  manner  for  as  much 
as  6  days,  although  at  least  14  days  is  desirable  for  practical  applications. 
Equipment  for  efficiently  forcing  water  into  fractures  in  coalbeds  is  not 
commercially  available.   Equipment  employed  by  the  oil  industry  is  costly, 
has  not  proven  reliable  in  horizontal  holes,  and  generally  is  not  suited  to 
the  needs  of  the  coal  industry.   As  a  result,  the  Bureau  is  developing  water 

Cervik,  Joseph.   An  Investigation  of  the  Behavior  and  Control  of  Methane  Gas. 
Min.  Cong.  J.,  v.  43,  No.  7,  July  1967,  pp.  52-57. 
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infusion  equipment  in  cooperation  with  the  rubber  industry.   Releasing  the 
compressed  gas  from  coal  through  boreholes  drilled  into  the  coalbed  from  the 
surface  is  being  investigated.   A  well  was  drilled  into  the  Pocahontas  coalbed 
in  Virginia  (fig.  12),  but  the  unexpected  presence  of  water  in  the  bed  made 
the  gas  flow  sporadically  and  necessitated  continuous  effort  to  keep  it 
flowing. 

Another  degasif ication  method,  underground  blocking,  is  ideally  suited  to 
longwall  mining.   In  underground  blocking,  horizontal  holes  are  drilled  into 
the  block  of  coal  to  drain  off  gas.   Where  applied,  this  method  has  effec- 
tively controlled  gas  flows  from  large  blocks  of  coali 

In  associated  studies,  maps  of  data  from  geological  surveys  of  coal  mines 
(fig.  13)  have  been  analyzed  to  interpret  migration  and  emission  of  gases  from 
coal  and  rock  and  the  structural  and  sedimentary  changes  within  a  formation. 
The  relation  of  gas  storage,  migration,  and  emission  characteristics  to 
structural  phenomena  also  is  under  investigation. 


FIGURE  12.  -  Measuring  Gas  Flow  From  Coalbed. 
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FIGURE  13.  »  Geologist  Measuring  Strike  and  Dip  of  Fault  in  Coal  Mine. 

Some  of  the  gas  entering  coal  mines  is  released  after  mining  by  the 
breakage  of  large  lumps  into  sizes  ranging  down  to  fine  dust.   Studies  are 
underway  to  determine  the  particle  sizes  produced  by  various  types  of  mining 
machines  and  methods  and  to  determine  gas  emission  rates  from  these  particles. 
In  a  more  basic  study,  the  adsorption  and  desorption  characteristics  of 
methane  on  American  coals  is  being  measured  at  15  to  2,000  psi  and  0°  to  50°  C 
(32°  to  122°  F) .   Sorption  measurements  can  be  related  to  methane  storage  and 
release  in  coal  mines.   A  high-pressure  sorption  apparatus  was  designed, 
built,  and  calibrated,  and  measurements  were  begun. 
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Mine-Flooding  Prevention 

Four  deep-well  pump  projects  to  prevent  mine  flooding  were  completed 
during  the  year,  one  for  a  contracted  cost  of  $240,552.76  and  three  at  no  cost 
to  the  Federal  Government.   Two  of  the  latter  projects  involved  the  exchange 
at  Federal-State  installations  of  60-cycle  for  25-cycle  equipment  when  the 
latter  was  discontinued;  the  third  project  involved  the  loan  of  an  idle 
Federal-State  pump  to  help  protect  approximately  6,500,000  tons  of  anthracite 
reserves  and  the  livelihood  of  about  400  men.   Fluids  discharged  in  the  pump- 
ing projects  are  controlled  by  the  project  recipient  in  accordance  with 
Commonwealth  of  Pennsylvania  regulations. 

Coal  Recovery  Efficiency 

A  nationwide  appraisal  was  completed  of  the  percentage  of  coal  recovered 
during  mining.   Covering  underground  mines  and  surface  mines  (strip  and  auger), 
the  two-part  study  was  initiated  to  reflect  changes  in  recovery  resulting  from 
modernized  mining  methods.   Higher  recovery  percentages  were  indicated  than 
the  50  percent  rule-of- thumb  estimate  of  the  past.   The  principal  factors 
affecting  recovery  rates  were  identified. 

SECTION  3.  -  HEALTH  AND  SAFETY 

Through  several  acts  of  Congress  the  Bureau  of  Mines  is  assigned  respon- 
sibility for  conducting  a  comprehensive  program  to  help  reduce  and  control 
hazards  to  the  health  and  safety  of  workers  in  the  mineral  industries.   Those 
designating  this  responsibility  with  specific  regard  to  coal  mining  are  Public 
Law  77-49,  Public  Law  82-552,  the  Federal  Coal  Mine  Safety  Act,  and  Public  Law 
89-376,  an  amendment  to  the  latter  act.   In  the  Bureau  an  Associate  Director-- 
Health  and  Safety,  administers  this  program  through  a  Health  and  Safety 
Activity  that  includes  an  Office  of  the  Associate  Director  —  Health  and  Safety; 
an  Office  of  the  Assistant  Director--Coal  Mine  Safety;  a  Health  and  Safety 
Research  and  Testing  Center;  and  five  district  offices  with  one  or  more 
subdistrict  offices. 

The  offices  of  the  Associate  Director  and  the  Assistant  Director  are  the 
nerve  centers  of  the  coal-related  operations  of  the  Activity;  the  Research 
Center  is  its  principal  research  arm;  the  district  and  subdistrict  offices 
implement  programs  of  education,  investigation,  inspection,  and  regulation 
in  the  field. 

Coal-Mine  Inspection 

The  primary  mission  of  this  function  is  to  conserve  human  resources  in 
coal  mines  through  inspections,  investigations,  safety  education,  and  research. 
Success  in  this  endeavor  depends  in  great  measure  on  the  cooperation  of 
interested  persons,  organizations,  and  agencies. 

Operations  of  the  inspection  division  are  national  in  scope.  The  Federal 
Coal  Mine  Safety  Act,  as  amended,  includes  certain  mandatory  provisions  appli- 
cable to  all  underground  coal  mines.   Coal  is  mined  in  28  States  with 
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approximately  8,000  coal  mines,  and  9,700  inspections  are  made  annually. 
Since  1941  more  than  209,000  regular  Federal  inspections  of  coal  mines  have 
been  made  throughout  the  industry.   In  addition,  numerous  special  inspections, 
investigations  of  serious  and  fatal  accidents,  and  studies  have  been  completed. 
At  the  beginning  of  1967,  248  Federal  coal  mine  inspectors  and  10  engineers 
assigned  to  coal  mines  were  employed  in  the  five  Health  and  Safety  Districts. 

The  effectiveness  of  the  inspection  program  can  be  measured  in  part  by 
comparing  coal-mine  injury  statistics  before  and  after  the  start  of  the  pro- 
gram in  1941.   Data  for  all  coal  mines,  recorded  in  the  tabulations  that 
follow,  show  a  consistent  and  substantial  reduction  in  the  number  and  fre- 
quency of  injuries  and  in  the  number  of  major  disasters  and  fatalities 
therefrom. 


Coal -Mine  Injuries 


Period1 


Number  of 
injuries 


Fatal   Nonfatal 


598,438 

526,880 

178,965 

54,789 


Rate  of 
injuries'" 


Fatal   Nonfatal 


Percent  change 


Number 


Fatal   Nonfatal 


Rate 


Fatal   Nonfatal 


1932-41 

1942-51 

1952-61 

1962-663 


12,331 

10,426 

4,021 

1,307 


1.50 

1.18 
1.03 
1.05 


72.8 
59.4 
45.8 
44.0 


-15 
-61 
(4) 


-11 
-66 
(4) 


-21 
-13 

+2 


-18 
-23 

-4 


1Calendar  years. 
2Per  million  man-hours  of  exposure. 

3Background  data  for  1966  subject  to  revision;  5-year  period. 
Not  a  comparable  period. 


Major  Coal-Mine  Disasters 


Major 
disasters 

Fatalities 

Fatality 
rate2 

Percent  change 

Period1 

Number  of-- 

Fatality 

Disasters 

Fatalities 

rate 

1940-52 

1953-65 

19663 

1967 

59 

21 

2 

0 

1,240 

288 

12 

0 

0.14 
.07 
.05 

-64 

-77 

-50 

1Calendar  years;  two  13-year  periods. 
Per  million  man-hours  of  exposure. 
Background  data  for  1966  subject  to  revision. 


Accident  Prevention  and  Health 

Accident  prevention  and  health  activities  of  the  Bureau  of  Mines  seek  to 
conserve  human  resources  in  the  mineral  extractive  industries  through  safety 
education  and  training.   In  addition,  special  investigations  and  studies  of 
health  and  safety  are  made  in  mines  and  allied  industries,  and  information  is 
developed  on  the  control  of  fires  in  inactive  coal  deposits. 


Information  on  work-injury  experience  in  all  segments  of  the  mineral 
industries  is  collected,  analyzed,  and  published.   Serious  existing  and 
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developing  hazards  are  pinpointed  and  the  information  is  used  by  the  mineral 
industries,  labor  groups,  safety  organizations,  and  the  Bureau  to  guide  their 
accident-prevention  programs.   Mining  equipment  manufacturers  also  use  the 
data  to  make  their  products  safer  through  design  and  fabrication  improvements. 

Accidents  occurring  at  a  mine  usually  are  significantly  reduced  in  number 
following  a  safety  training  program,  especially  when  100  percent  participation 
of  mine  personnel  is  received.   More  lasting  effects  have  been  noted  where 
repeat  instruction  is  given  and  where  new  safety  educational  courses  are  pro- 
gramed at  periodic  intervals.   A  Safety  Education  and  Training  Group  and  a 
Motion  Picture  Production  Unit  of  the  Bureau  meets  an  ever-increasing  chal- 
lenge for  new  courses,  new  training  aids,  updating  older  courses,  and  the 
training  of  instructors.   One  of  the  prime  problems  in  preventing  accidents  in 
coal  mines  is  maintaining  the  interest  and  cooperation  of  workmen  and  manage- 
ment in  health  and  safety  education. 

During  fiscal  year  1967  a  total  of  267  classes  in  accident  prevention 
were  conducted  by  47  Bureau  instructors.   Trainees  numbered  3,842  compared 
with  5,821  a  year  ago.   The  course  having  greatest  response  from  the  industry 
was  "Principles  of  Accident  Prevention,"  given  to  both  coal  (2,311  trainees) 
and  noncoal  (3,600  trainees)  operations.   "Flame  Safety  Lamp,"  a  new  training 
course,  was  initiated  at  the  end  of  1966  to  cope  more  effectively  with  methane 
gas  hazards,  particularly  at  small  mines.   At  outlying  small  coal  mines  lack- 
ing classroom  facilities,  training  was  carried  on  in  four  mobile  units  that 
were  placed  in  service  during  1966. 

Number  of  men  trained  in  1966  and  1967  in  the  coal  industry  are  as 
follows : 


1966 


1967 


First  aid 

Mine  rescue 

Flame  safety  lamps 

Accident  prevention: 

Technical  courses  .  .  . 

Nontechnical  courses 


5,122 

480 

99 


2,370 

3,451 


Total  accident  prevention  training, 


5,821 


4,566 
395 
756 


1,277 

2,565 


3,842 


""•Includes  accident  prevention  courses  for  workmen,  for  strip  mining, 
and  on  the  job. 
Includes  accident  prevention  courses  on  "Fundamentals  of  Accident 
Prevention  for  Supervisors,"  "Fundamentals  of  Accident  Prevention 
for  Workmen,"  and  "Principles  of  Accident  Prevention." 


Training  in  the  mobile  units  is  summarized  as  follows: 


1966 


1967 


Number  of  mines  served 

Total  employment  at  mines  served 

Average  employment  per  mine 

Number  of  men  trained 

Percentage  of  total  employment  trained 

Percentage  of  total  accident  prevention  training 
conducted  in  mobile  units 


108 

130 

2,655 

1,777 

25 

14 

1,303 

1,328 

49.1 

74.7 

22.0 


28.4 
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Increased  emphasis  on  safety  education  in  West  Virginia  was  continued  in 
cooperation  with  the  West  Virginia  Mine  Safety  Association.   This  association 
is  a  cooperative  organization  of  the  coal -mining  industry,  mineworkers,  the 
West  Virginia  Department  of  Mines,  and  the  Bureau  of  Mines.   The  current  pro- 
gram is  designed  to  promote  better  communications  between  supervisors  and 
workmen,  develop  leaders  and  foremen  at  all  mines,  and  provide  safety  educa- 
tion through  weekly  meetings  in  work  sections  by  mine  foremen  in  all  coal 
mines  in  West  Virginia.   The  Bureau  prepares  safety  talks,  accident  exchange 
information,  and  other  materials  for  use  in  these  meetings.   This  involves 
preparation  of  5,000  copies  of  safety  messages,  1,800  copies  of  illustrated 
cartoon-type  sketches  of  serious  and  fatal  accidents,  descriptive  materials, 
and  weekly  mailout  of  these  materials  to  1,100  respondents.   These  materials 
are  also  distributed  to  out-of-state  coal  mining  companies,  publishers,  the 
Bituminous  Coal  Operators  Association,  the  United  Mine  Workers  of  America,  and 
each  Health  and  Safety  field  office.   Because  the  activities  of  the  West 
Virginia  Mine  Safety  Association  showed  a  need  for  leadership  and  foreman 
training,  the  Bureau  launched  a  4-hour  leadership  training  course  early  in 
1967,  followed  by  a  20-hour  foremanship  training  course  in  May  1967.   Response 
to  these  Bureau  courses,  which  are  conducted  by  Bureau  instructors,  has  been 
noteworthy:   1,200  men  at  100  mines  have  completed  leadership  training,  and 
250  men  at  8  mines  have  completed  foremanship  training.   Numerous  operators 
and  State  officials  outside  of  West  Virginia  have  also  expressed  considerable 
interest  in  these  training  courses  and  plan  to  incorporate  such  training  into 
their  accident-prevention  programs. 

During  1967,  the  Bureau  produced  three  safety-education  motion  pictures 
in  color:   "The  Care  and  Use  of  Permissible  Flame  Safety  Lamp,"  which  augments 
the  flame  safety  lamp  training  course;  "The  First  Minute,"  emphasizing  the 
need  for  first-aid  training;  and  "Open-Pit  Mining  Hazards,"  which  dramatizes 
potential  accidents  in  open-pit  mines.   Four  7-  to  15-minute  films  were  also 
produced  on  foreman  training:   "Set  the  Pace;"  "Investigation- -A  Tool  for 
Accident  Prevention;"  "Teach  Safety;"  and  "Sell  Safety." 

The  Bureau  strongly  supports  the  Holmes  Safety  Association  (a  cooperative 
self-governing  organization  that  promotes  health  and  safety  exchange  through 
group  meetings  of  mine  workers  and  mine  officials)  and  its  parent  organization, 
the  Joseph  A.  Holmes  Safety  Association.   The  latter  grants  awards  annually 
for  heroism  and  safety  achievements  in  the  extractive  mineral  industries. 

Forty-five  Bureau  employees  devoted  considerable  time  and  effort  to 
organizing  92  new  chapters  and  two  new  councils  in  the  Holmes  Safety  Associa- 
tion during  fiscal  year  1967.   Annual  reports  of  the  Association  continue  to 
show  that  the  combined  average  fatality  rates  of  the  affiliated  mines  are  much 
lower  than  those  of  nonaffiliated  mines  in  the  coal  industry.   For  example,  27 
of  the  69  active  Holmes  Safety  Association  chapters  in  the  Pennsylvania  anthra- 
cite district  were  established  in  1966,  and  that  year  the  fatality  rates  of  all 
anthracite  mines  combined  dropped  to  0.44,  the  lowest  rate  ever  recorded. 

Staff,  Branch  of  Accident  Analysis.   Injury  Experience,  Employment,  and 

Worktime  in  the  Mineral  Industries,  1965-66.   BuMines  MIS,  September  1967, 
36  pp. 
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Also,  during  1967  the  Bureau  helped  mining  companies,  State  mine  inspec- 
tion agencies,  and  other  organizations  to  promote  safety  and  disseminate 
safety  information  and  to  provide  staff  assistance,  team  instructors,  judges, 
and  other  officials  for  first-aid  and  mine  rescue  contests.1   Further  contri- 
bution was  made  by  conducting  National  Safety  Competitions  to  motivate  and 
report  safety  achievements. 

Roof  Control 

Roof  control  is  fundamental  to  both  coal-mine  safety  and  efficiency. 
Unless  solved,  problems  of  rock  stresses  at  depth,  dynamic  loading  of  pillars, 
and  bursts  of  coal  and  rock  will  become  increasingly  difficult  as  mine  opera- 
tions go  deeper. 

Research  was  continued  in  1967  to  establish  factors  that  affect  rock-bolt 
efficiency.  In  this  connection  efforts  were  continued  to  determine  the  influ- 
ence of  numerous  variables  on  roof  behavior,  thereby  providing  design  criteria 
that  can  eliminate  the  need  for  costly  trial  and  error  procedures. 

Strain  distributions  along  longwall  faces  and  tail  entries  were  also  the 
subject  of  continued  study.   Information  is  needed  to  establish  stress- 
distribution  patterns  between  the  number  and  shape  of  entries,  distance,  rate 
of  advance,  depth,  rock  structure,  and  other  variables.   The  success  or  fail- 
ure of  such  installation  depends  on  knowledge  of  stress  distribution. 

Mine-Air  Research 

Coal  Dust 

Environmental  health  problems  throughout  the  mining  industry  have  been 
recognized  as  existing  for  many  years.   Major  attention  is  now  being  given  to 
the  possible  harmful  effects  of  airborne  bituminous  coal  dust  and  the  inci- 
dence of  pneumoconiosis. 

An  extensive  environmental  dust  survey  of  bituminous  coal  mines  was 
undertaken  during  1966.   As  a  result  of  this  survey  existing  sampling  and 
analyzing  techniques  were  found  to  be  controversial.   Work  in  1967  was 
directed  to  establishing  and  evaluating  sampling  procedures,  analytical 
methods,  and  instruments.   Preliminary  environmental  dust  surveys  also  were 
conducted  in  cooperation  with  major  bituminous  coal  mine  associations  and  the 
U.S.  Public  Health  Service. 

These  investigations  have  answered  critical  questions  and  developed 
methods  thought  to  be  practical  and  pertinent  to  the  problem. 


1  5 

1967  National  First-Aid  and  Mine  Rescue  Contest.   BuMines  MIS,  November 
1967,  17  pp. 
16National  Safety  Council.   1966  Sentinels  of  Safety  Awards.   Safety  News- 
letter, Coal  Min.  Sec,  July  1967,  p.  2. 
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1.  Concentrations  of  dust  in  mine  air  collected  by  three  different 
samplers  were  correlated,  thus  providing  an  accurate  basis  for  evaluating 
miner  exposure,  kind  and  amount  of  dust,  and  the  effect  of  ventilation  on 
dust  conditions. 

2.  Satisfactory  sampling  procedures  to  permit  an  evaluation  of  environ- 
mental dust  conditions  are  now  available  for  an  entire  shift. 

3.  A  small,  light  sampler  attached  to  a  coal  miner  was  demonstrated 
capable  of  collecting,  from  his  breathing  zone,  a  dust  sample  representative 
of  the  full  shift  average  dust  exposure  to  which  he  has  been  exposed. 

4.  An  empirical  linear  relationship  was  found  to  exist  between  results 
from  an  electronic  particle  counter  and  from  the  conventional  light  field 
projector  method.   The  electronic  counter  is  more  precise,  and  approximately 
three  times  as  many  samples  can  be  evaluated  in  the  same  length  of  time. 


FIGURE  14.  -  Determining  Iron  in  Respirable  Dust. 
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An  atomic  absorption  spectrophotometer  (fig.  14)  is  being  used  to  deter- 
mine iron  in  respirable  dust.   This  instrument  is  also  useful  for  the  rapid 
determination  of  trace  amounts  of  various  other  elements  in  dust. 

Methane 

Methane  monitors  in  various  coal  mines  received  limited  maintenance  in 
the  first  quarter  of  1967,  and  during  subsequent  months  the  Bureau-built  moni- 
tors were  withdrawn  because  two  commercial  monitors  were  introduced.   Certifi- 
cations of  both  of  the  commercial  monitors  were  extended  to  include  500-volt, 
direct-current  designs.   As  a  result  of  Bureau  efforts  more  than  35  methane 
monitors  are  continuously  testing  mine  atmospheres  and  warning  miners  of 
rising  methane  concentrations  so  that  explosive  concentrations  can  be 
prevented. 

A  battery-powered  recording  methanometer  was  developed  capable  of  operat- 
ing for  1  week  from  a  single  12-volt  source.  This  device  should  find  applica- 
tion as  a  methane  monitor  in  return  airways  of  gassy  mines. 

Methane  diffuses  through  coal  sections  four  times  faster  along  bedding 
planes  than  across  them.   Activation  energies  are  similar.   Laboratory  studies 
were  made  of  increased  gas  emission  observed  at  mine  face  areas.   With  exten- 
sive evacuation  of  coal,  to  simulate  a  fresh  fracture,  methane  flows  10  times 
faster  than  at  steady  state.   A  unit  was  constructed  for  measuring  the  diffu- 
sion of  mine  gases  at  pressure  gradients  up  to  3  atmospheres. 

A  miniature  bilevel  oxygen  deficiency  alarm  was  developed  to  protect  the 
individual  worker  (fig.  15) .   The  oxygen-sensing  device  is  an  electrochemical 
cell  from  a  commercial  oxygen  measuring  instrument  and  the  alarm  circuitry  is 
equipped  with  solid-state  electronic  components.   An  intermittent  500  cps 
alarm  warns  of  a  hazardous  condition  and  a  continuous  500  cps  alarm  indicates 
a  dangerous  condition.   Alarm  levels  are  adjustable  from  a  normal  atmospheric 
oxygen  concentration  of  20.9  percent  to  about  10  percent.   A  4.2-volt  dc  power 
source  (either  a  cap-lamp  battery  or  miniature  mercury  battery)  operates  the 
alarm  and  draws  a  maximum  of  80  millamperes  of  current.   The  complete  alarm 
is  about  the  size  of  a  pack  of  cigarettes. 

Sampling  and  Analyzing  Techniques 

A  gas  chromatographic  method  has  been  used  to  analyze  many  mine  air  sam- 
ples with  excellent  results.   Approximately  4,200  mine  atmosphere  and  other 
gas  samples  were  analyzed  during  fiscal  1967,  with  20  critical  samples  (con- 
taining approximately  or  more  than  0.25  percent  methane)  used  to  assign  a 
"gassy"  classification  being  subjected  to  the  accepted  infrared  analysis  for 
referee  purposes. 

Ten-milliliter  disposable  hypodermic  syringes  have  been  found  very  con- 
venient for  mine-air  sampling.   They  also  eliminate  the  difficulties  and 
delays  encountered  with  mercury  transfer  of  mine-air  samples  from  vacuum 
bottles . 
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Mine 
Ventilation 

Ventilation 
has  become  a  crit- 
ical factor  in 
mine  design  and 
operation  because 
an  increasing  num- 
ber of  new  mines 
operate  or  plan  to 
operate  in  deeper, 
gassy  coalbeds, 
and  the  trend  is 
toward  greater 
mechanization.   In 
view  of  this,  ven- 
tilation research 
and  field  surveys 
of  ventilating 
conditions  have 
been  of  continuing 
concern  to  the 
Bureau.   Research 
was  conducted  in 
1967  to  establish 
the  airflow  char- 
acteristics of 
auxiliary  ventila- 
tion tubing  under 
operating  condi- 
tions.  Studies 
were  also  con- 
ducted on  ventila- 
tion problems 
associated  with 
longwall  mining, 
airflow  patterns, 
and  methane  con- 
centrations in 
open  faces  ven- 
tilated by  line 
brattice.   Venti- 
lation pressure 
surveys  with 
analog  computer  projections  were  made  by  request  at  eight  operating  coal 
mines.   Consulting  services  and  mine  ventilation  projections  were  reviewed 
and  recommendations  were  made  to  six  coal  mining  corporations. 


FIGURE  15.  -  Oxygen  Deficiency  Alarm. 
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Mine  Equipment  and  Materials 

Investigation  and  testing  were  continued  of  equipment  for  compliance  with 
the  Bureau's  permissibility  requirements.   A  total  of  62  electrically  powered 
mining  machinery  assemblies  and  accessory  equipment  was  approved  and  45  cer- 
tifications of  components  were  issued.   New  types  of  equipment  included  a 
"tram  car"--a  mobile  conveyor  capable  of  acting  as  a  self-advancing  conveyor, 
shuttle  car,  or  winch- -for  use  behind  a  continuous  miner;  a  quadruple  roof 
drill  with  integral  dust-collecting  system;  and  rubber-tired  cutting  machines 
with  greatly  increased  capacities  (up  to  540  horsepower).   The  explosion-proof 
characteristics  of  17  electrical  assemblies  were  investigated  for  the  Depart- 
ment of  the  Navy.   Seven  flame  safety  lamps  from  mines  in  which  explosions  had 
occurred  were  investigated.   An  experimental  permit  was  issued  to  permit  field 
trials  of  the  first  very  high  capacity  cutting  machine.   Five  permit  exten- 
sions were  granted  for  experimental  use  of  noise  analyzers,  a  dust  sampler, 
and  a  methane  monitoring  system  in  underground  coal  mines. 

Proposed  schedule  2G  (revision  of  schedule  2F) ,  which  covers  requirements 
for  permissible  electrical  equipment  for  use  in  gassy  coal  mines,  was  pub- 
lished in  the  Federal  Register  as  proposed  rulemaking  on  December  19,  1967. 

Continued  use  of  instruments  in  underground  coal  mines  (for  environmental 
research)  required  an  evaluation  of  several  instruments  and  devices  for  intrin- 
sic safety.   Explosion-proof  enclosures  are  impractical  for  devices  such  as 
recording  anemometers,  dust-  and  air-sampling  pumps,  telemetering  equipment, 
and  strain  gages. 

Nine  respiratory  protective  devices  were  approved  under  Bureau-approval 
schedules.   A  revision  of  schedule  13D,  for  self-contained  breathing  apparatus, 
was  published  in  the  Federal  Register  as  proposed  rulemaking  on  June  7,  1967. 
An  amendment  to  schedule  19B,  for  supplied-air  respirators,  was  similarly 
published  in  the  Federal  Register  on  December  22,  1967. 

SECTION  4.  -  EXPLOSIONS  AND  EXPLOSIVES 

Fire  and  explosion  hazards  created  by  exceptional  conditions  in  coal 
mines  where  rock  dusting  and  ventilation  should  normally  provide  adequate 
safety  continued  to  be  the  subject  of  intensive  investigation.   Included  in 
these  studies  were  the  interaction  of  methane  and  coal  dust,  the  formation 
of  methane  layers  near  a  mine  roof,  and  the  dispersal  of  surface  coal  dust 
by  explosions  too  weak  to  disperse  corresponding  amounts  of  protective  inert 
dust.   Results  of  laboratory  studies  nearing  completion  will  be  analyzed  by 
suitable  scaling  to  actual  mine  conditions. 

In  explosives  research,  an  experimental  explosive  satisfying  permissible 
requirements  was  developed  as  a  substitute  for  black  powder,  which  was  finally 
outlawed  from  all  coal  mining  operations.   Statistical  experiments  continued 
to  generate  information  on  the  behavior  of  permissible  explosives  and  other 
blasting  agents  under  the  most  hazardous  conditions  to  be  anticipated  in  coal 
mines. 
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Methane  and  Coal -Dust  Explosion  Research 

Flame  Propagation  in  Hybrid  Mixtures 

Hot  gas  jets,  simulating  the  gases  from  a  borehole  shot,  were  again  used 
as  ignition  sources  to  study  the  combined  effect  of  methane  and  coal  dust  in 
mine  fires  and  explosions.   Based  on  results  of  two  earlier  studies,17  experi- 
ments were  extended  to  limit  flames  initiated  by  hot  jets  and  propagating 
horizontally  or  vertically  (upward  or  downward)  in  1 . 52-cm-diameter  ducts  of 
two  different  lengths  (1.8  and  3.6  m).   In  methane-air  mixtures  the  flames 
readily  attained  a  constant  speed  and  traveled  through  the  entire  duct;  when 
coal  dust  was  added,  burning  became  irregular. 

When  the  temperature  of  the  ignition  source  was  above  that  required  for 
50  percent  probability  of  complete  propagation,  an  overdriven  flame  formed 
which  tended  to  accelerate  as  it  moved  away  from  the  source.   This  suggests 
that  flame-quenching  measures  must  take  into  account  not  only  the  flammability 
of  the  mine  atmosphere  but  the  strength  and  location  of  the  ignition  source. 

Experimental  evidence  was  obtained  that  small  particles  of  burning  coal 
(less  than  20  microns  in  diameter),  although  not  completely  consumed  by  a 
propagating  combustion  wave,  do  not  act  as  ignition  sources  when  projected 
ahead  of  the  wave,  as  larger  clumps  of  burning  coal  might  conceivably  do. 

Dust  Cloud  Formation 

While  a  strong  gas  explosion  is  likely  to  disperse  deposits  of  both  rock 
dust  and  coal  dust,  thus  allowing  the  former  to  suppress  ignition  of  the  lat- 
ter, a  weak  dust  explosion  may  skim  off  recently  deposited  coal  dust  creating 
hazards  even  in  heavily  rock-dusted  underground  working.   Experiments  to  eval- 
uate the  action  of  weak  methane  explosions  on  various  types  of  coal-dust 
deposits  showed  that  faster  air  streams  are  required  to  disperse  monolayers 
of  coal  dust  than  are  needed  to  disperse  ridges.   Dispersal  of  ridges  was 
observed  to  depend  mainly  on  the  geometry  of  the  deposit  and  on  the  adhesive 
character  of  the  supporting  surface.   Dispersal  was  also  promoted  by  super- 
imposing pulsations  on  the  air  flow.   These  results  suggest  that  if  average 
air  conditions  are  matched  in  ducts  of  different  dimensions,  the  boundary 
layer  characteristics  and  entrainment  forces  near  the  duct  walls  are  approxi- 
mately the  same. 

Flammability  of  Methane- Air  Mixtures 

Data  obtained  in  the  past  2  years  for  flames  propagating  at  the  interface 
of  fuel -air  mixtures  (that  simulate  methane  accumulations  near  a  mine  roof) 
showed  that  flame  speeds  are  significantly  affected  by  the  thickness  of  the 

1  Singer,  J.  M.,  E.  B.  Cook,  and  J.  Grumer.   Equivalences  and  Lower  Ignition 
Limits  of  Coal  Dust  and  Methane  Mixtures.   BuMines  Rept.  of  Inv.  6931, 
1967,  35  pp. 
Singer,  J.  M.,  N.  E.  Hanna,  R.  W.  Van  Dolah,  and  J.  Grumer.   Reduction  of 
Incendivity  of  Hot  Gases  to  Methane  and  Coal  Dust  by  Sodium  Chloride  and 
Sodium  Nitrate.   BuMines  Rept.  of  Inv.  6954,  May  1967,  15  pp. 
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flammable  zone,  its  concentration  gradient,  and  the  distance  of  the  flame  from 
the  gallery  floor.   High-speed  photographs  of  the  propagating  flame  showed 
that  it  extends  into  lean  and  rich  boundary  mixtures  beyond  the  usual  flamma- 
bility  limits. 

Experiments  with  fuel -oxygen  mixtures  that  burn  more  rapidly  than  fuel- 
air  mixtures  confirmed  the  effect  of  the  flammable  zone  thickness.  Addition 
of  coal  dust  to  the  fuel -oxygen  system  also  increased  the  flame  speed. 

An  auxiliary  study  was  made  of  the  rupture  mechanism  of  "soap-bubble" 
films  of  the  type  used  to  separate  the  fuel  and  oxidant  layers  in  these 
experiments . 

In  a  separate  study,  ignition  of  methane-air  mixtures  by  individual  par- 
ticles of  burning  coal  was  investigated  using  a  laser  beam  as  the  ignition 
source.   The  minimum  absorbed  laser  energy  required  by  a  coal  particle  to 
ignite  a  stoichiometric  methane-air  mixture  decreased  with  decreasing  particle 
size  from  about  1.8  millijoules  for  a  50-micron  particle  to  0.4  millijoule  for 
a  20-micron  particle.   Inspection  of  the  cross  section  of  the  laser  beam 
revealed  the  presence  of  several  hot  spots  having  about  30  percent  more  energy 
than  the  average  energy  of  the  beam. 

Ignition  Quenching 

Ignition  of  gas  at  coal  faces  presents  the  major  explosion  hazard  in 
mines  in  the  United  States.   Sparks  generated  when  cutting  bits  on  continuous 
mining  machines  strike  sandstone  or  pyrite  cause  most  of  these  ignitions. 
Research  is  in  progress  to  develop  a  device  to  quench  the  burning  gases  before 
extensive  flame  and  dangerous  pressure  develop.   An  experimental  unit  was 
devised  that  utilizes  an  ultraviolet  sensor  to  detect  the  flame  and  initiates 
a  length  of  detonating  cord  that  disperses  finely  divided  potassium  bicarbon- 
ate to  quench  the  flame.   In  one  test  40  pounds  of  the  quenching  dust  dis- 
persed in  a  face  area  extinguished  a  flame  that  had  advanced  into  the  dusted 
zone.   In  another  test  a  developing  flame  was  extinguished  by  2  pounds  of  dust 
dispersed  into  the  flame. 

Flame  and  pressure  development  following  ignition  of  a  gas-air  mixture 
were  studied  in  the  Bureau's  Experimental  Coal  Mine.     As  expected,  highest 
flame  velocities  and  pressures  were  obtained  for  homogeneous  gas-air  mixtures 
at  the  face.   Flame  velocity  and  pressure  decreased  with  (1)  change  in  gas 
concentration  from  the  optimum,  (2)  decrease  in  volume  of  a  gas  body  and  its 
homogeneity,  and  (3)  movement  of  the  point  of  ignition  within  the  gas  body 
from  the  face  toward  the  end  of  the  body.   In  trials  with  layered  gas  at  the 
face,  the  thickness  of  the  flammable  portion  decreased  as  the  point  of  gas 
release  was  raised  from  the  floor  to  the  roof. 

Research  was  conducted  to  resolve  the  effect  of  surface  area  or  particle 
size  of  a  combustible  dust  on  its  explosibility .   Surface  area  or  particle 

TS 

Kawenski,  E.  M. ,  and  G.  Bercik.   Research  on  Gas  Explosions  in  the  Experimen- 
tal Coal  Mine.   Proc.  Coal  Min.  Inst.  Am.,  Pittsburgh,  Pa.,  December  1967, 
11  pp. 
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size  slightly  affected  ignition  temperature  and  explosion  concentration  of  the 
dust.  The  minimum  electrical  spark  energy  required  for  ignition  decreased  and 
the  rate  of  pressure  development  increased  as  particles  became  finer. 

Basic  information  also  was  obtained  on  the  development  of  flame  and  explo- 
sion forces  from  a  methane-air  mixture  with  respect  to  concentration,  degree 
of  mixing,  location  and  geometry  of  the  flammable-mixture  body,  and  the  point 
of  ignition  within  that  body. 

Evaluation  was  continued  of  the  effectiveness  of  rock  dusting  require- 
ments for  the  increasingly  large  quantities  of  fine  coal  dust  generated  by 
greater  mechanization  of  mining.   Devastating  mine  explosions  can  develop  even 
though  legal  requirements  for  rock  dusting  are  met.   In  a  developing  explosion, 
the  probability  of  mixing  adequate  rock  dust  with  float  dust  decreases  with 
decrease  in  the  strength  of  the  igniting  source.   When  enough  float  coal  dust 
has  deposited  on  a  layer  of  rock  dust,  flame  from  a  weak  ignition  source  can 
trigger  a  self -propagating  dust  explosion  even  when  the  inert  content  of  the 
combined  layers  is  as  high  as  90  percent.   Greater  protection  is  provided  by 
continuously  dispersing  rock  dust  into  the  return  airway  during  mining  than  is 
afforded  by  intermittent  rock  dusting. 

Mine  Explosives 

New  Explosives  and  Blasting  Procedures 

Prohibition  of  black  powder  from  all  coal  mining  operations  has  created 
technical  and  economic  problems  in  certain  small  coal  mines  where  permissible 
explosives  do  not  give  a  satisfactory  product.   Reportedly,  the  percentage  of 
lump  coal  obtained  with  black  powder  is  about  45  percent;  with  permissibles  it 
is  only  about  20  percent.   Production  of  lump  coal  is  a  principal  considera- 
tion because  it  brings  a  premium  return  on  a  segment  of  the  domestic  market. 
To  solve  the  problem,  the  Bureau  developed  a  low- velocity,  low-strength  explo- 
sive which  meets  schedule  requirements  for  permissible  explosives.   In  tests 
of  this  explosive,  yields  of  plus  4-inch  coal  were  increased  by  40  to  50  per- 
cent.  In  these  tests,  water  was  substituted  for  fireclay  stemming  and 
millisecond-delay  electric  blasting  caps  were  used  instead  of  instantaneous 
caps.   Moreover,  special  care  was  taken  to  adjust  borehole  spacing  and  the 
boreholes  were  large.   Explosives  manufacturers  are  being  encouraged  to 
develop  commercial  products  based  on  this  formulation  because  it  substantially 
increases  lump-coal  production. 

Incendivity  of  Permissible  Explosives 

Following  earlier  tests  with  semigel  permissible  explosives  which  gave 
low  weights  for  50  percent  probability  of  ignition  of  coal  dust  and  coal  dust- 
air  mixtures,  an  experiment  was  begun  late  in  1967  to  investigate  the  effect 
of  sodium  nitrate  on  the  incendivity  of  this  type  of  explosive. 

An  exploratory  study  was  made  to  evaluate  the  incendivity  of  commercial 
detonators  currently  used  in  coal  mines.   In  this  study,  several  delay  caps 
obtained  from  various  manufacturers  ignited  gas-air  mixtures  when  fired  as 
single  caps. 
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SECTION  5.  -  COAL  STORAGE,  PREPARATION,  AND  TRANSPORTATION 

Storage,  preparation,  and  transportation  of  coal  are  essential  steps 
between  the  mining  of  coal  and  its  use  by  the  consumer.   Preparation  and  trans- 
portation costs  add  significantly  to  the  price  of  delivered  coal.   Lower 
freight  rates  have  been  made  possible  by  the  increased  efficiency  of  unit 
trains  and  related  coal  storage  systems.   New  types  of  storage  systems  are 
needed,  however,  to  encourage  broader  application  of  unit  trains  throughout 
the  coal  industry.   Before  unit  trains  were  developed,  very  little  coal  was 
stored  at  the  mines.   The  Bureau  of  Mines  has  initiated  a  program  to  obtain 
information  on  new  storage  systems  to  guide  large  and  small  producers  and 
consumers  in  adopting  unit  train  shipments. 

Coal  preparation  normally  is  considered  to  include  drying,  pulverizing, 
and  cleaning.   Research  was  continued  on  all  three  in  1967.   Coal  drying  and 
pulverization  research  was  directed  to  devising  techniques  for  drying  and 
grinding  lignite,  a  high-moisture  fuel.   Research  in  coal  cleaning,  which  is 
essential  to  the  efficient  use  of  coal  and  the  reduction  of  air  pollution, 
featured  a  continued  survey  of  the  washing  characteristics  of  coal  that  can 
make  it  possible  to  determine  theoretical  yields,  ash  and  sulfur  content, 
washing  difficulties,  and  the  potential  of  coals  to  meet  market  specifications. 
Coal  washing  methods  also  received  further  study. 

Coal  pipelining  studies  were  highlighted  by  experiments  with  the  pipeline 
transport  of  fine  coal  suspended  in  a  gas  or  liquid. 

Coal  Storage 

Lignite  is  a  reactive  fuel  and  is  prone  to  heat  spontaneously  during 
storage.   In  a  long-term  storage  test  at  Garrison  Dam,  N.  Dak.,  however,  stock- 
piles containing  more  than  2.3  million  tons  of  lignite,  constructed  during 
1948-56,  have  been  stored  successfully.  9   The  lignite  was  uniformly  and 
thoroughly  compacted  in  1-foot  layers  to  a  density  of  70  pounds  per  cubic  foot, 
thus  restricting  air  penetration  and  preventing  spontaneous  combustion  or 
deterioration.   The  only  problems  have  been  surface  slacking  and  wind  and 
water  erosion  of  the  surface. 

More  economic  means  for  storing  lignite  are  being  sought  through  a  study 
of  the  factors  which  affect  the  energy  balance  in  a  stockpile.   Rates  and  heat 
of  oxidation,  heat  of  wetting,  air  permeability,  and  thermal  conductivity 
values  have  been  determined  and  are  being  related  to  the  properties  of  coal 
that  affect  storage.   Oxidation  rates  for  70  lignite  samples  from  three  mines 
decreased  tenfold  from  initial  rates.   This  rate  decrease  with  time  fits  a 
three-element  exponential  decay  curve,  implying  the  existence  of  at  least 
three  prominent  oxidation  processes  or  reactions.   Heats  of  wetting  are  large 
enough  to  have  an  important  effect  on  the  energy  balance  for  stored  lignite. 


9Ellman,  R.  C. ,  John  W.  Belter,  and  Leroy  Dockter.   Long-Term  Storage  of 
Lignite  at  Garrison  Dam,  Riverdale,  N.  Dak.   BuMines  Rept.  of  Inv.  7037, 
October  1967,  56  pp. 
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Coal  Drying 

Development  was  continued  of  a  lignite-fueled  engine  for  an  entrained 
lignite  drying  system.   A  20-foot  valveless  pulse-jet  engine  with  a  14.5-inch- 
diameter  combustion  chamber  was  operated  on  pulverized  lignite  for  periods  up 
to  4  hours.   Less  than  5  percent  of  the  thermal  input  to  the  pulse-jet  engine 
had  to  be  added  (in  the  form  of  propane  gas)  to  assure  lignite  ignition.   Sev- 
eral techniques  were  developed  for  periodic  removal  of  slag  deposits.   Engine 
noise  decreased  with  increase  in  engine  size  because  shock  waves  occurred  less 
frequently.   Solution  of  problems  in  scaling  up  to  commercial  size  represents 
the  major  research  need. 

Ultrasonic  energy  and  microwave  radiation  are  being  investigated  as  meth- 
ods of  removing  more  moisture  from  ultrafine  coal  particles  than  is  economi- 
cally feasible  by  existing  methods.   Ultrafines  from  coal-cleaning  plants 
cannot  presently  be  dried  economically  and  must  be  discarded.   Such  loss  might 
be  prevented  and  the  ultrafines  burned  in  powerplants  if  a  method  can  be 
developed  to  reduce  the  moisture  content  to  4  to  5  percent.   Apparatus  simu- 
lating conventional  drying  equipment  is  being  built  and  will  be  tested  in  con- 
junction with  the  two  energy  forms.   In  1967  apparatus  for  ultrasonic  drying 
was  designed  and  construction  of  apparatus  for  microwave-drying  experiments 
was  50  percent  completed. 

Pulverization 

Investigation  of  various  types  of  lignite  pulverizers  to  help  operators 
select  equipment  and  design  systems  was  continued.   Tests  were  completed  with 
a  pilot-scale  ball  mill.  °   Both  predrying  before  pulverization  and  in-the- 
mill  drying  were  found  to  be  beneficial.   Product  fineness  increased,  power 
requirements  decreased,  and  mill  capacity  increased  with  increase  in  degree  of 
drying.   Lignite  from  different  sources  had  different  pulverization  character- 
istics which  could  not  be  related  to  Hardgrove  grindability  index.   The  ball 
mill  was  found  capable  of  pulverizing  lignite  to  the  fineness  required  for 
pulverized  coal  firing. 

Experiments  were  completed  with  a  pilot-scale  model  of  a  medium-speed 
mill  manufactured  by  the  Foster  Wheeler  Corp.   Significant  benefits  were  again 
demonstrated  for  both  predrying  or  in-the-mill  drying  before  pulverization. 

Extensive  grinding  tests  were  made  with  a  previously  untried  lignite  at  a 
pulverized- lignite  powerplant.   Pilot  plant  tests  and  the  Hardgrove  grindabil- 
ity indexes  had  previously  indicated  that,  despite  a  higher  natural  moisture 
content,  this  lignite  was  the  most  readily  pulverized  of  any  now  produced. 
The  tests  at  the  powerplant  corroborated  all  previous  laboratory  data. 

A  survey  of  pulverized- lignite  firing  in  the  northern  plains  area  of  the 
United  States  was  finished  and  lignite  pulverization  investigations  were 

°Dockter,  Leroy,  J.  W.  Belter,  and  R.  C.  Ellman.   Pulverizing  Lignite  in  a 
Ball  Mill.   BuMines  Rept.  of  Inv.  7010,  August  1967,  13  pp. 
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FIGURE   16.  -  Experimental  Crusher-Dryer  for  Lignite. 
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completed. <S-L   Benefits  to  existing  and  future  plants  from  predrying  and 
increased  in-the-mill  drying  was  emphasized.   Based  on  studies  to  date,  lig- 
nite pulverization  on  a  commercial  scale  has  not  been  optimized,  so  improved 
techniques  could  benefit  the  industry. 


A  combination  precrusher  and  dryer  (fig.  16)  was  tested  in  pilot  plant 
studies  to  improve  pulverizer  capabilities.   Such  a  unit  could  be  incorporated 
into  present  pulverizing  systems.   The  test  unit  utilized  hot  gases  from  a 
pulse-jet  engine  for  drying  and  the  capacity  of  a  pilot-scale  pulverizer  was 
increased  by  50  percent. 


A  cooperative  program  with  Struthers  Energy  Systems,  Inc.  (SES),  was  con- 
ducted in  1967  to  evaluate  hot  char  pulverization  for  use  in  a  coal-fired, 
combined-cycle  powerplant.   A  technique  was  developed  for  producing  char  from 
bituminous  coal  in  one  of  the  Bureau1 s  fluid-bed  combustors,  after  which  sev- 
eral tests  were  made  with  pulverization  equipment  furnished  by  SES.   In  two  of 
the  tests,  plus  40-mesh  char  was  pulverized  to  66  and  62  percent  minus  200 
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Status  Report.   Proc.  Bureau  of  Mines-University  of  North  Dakota  Symposium, 
Grand  Forks,  N.  Dak.,  April  1967,  compiled  by  Wayne  R.  Kube  and  James  L. 
Elder.   BuMines  Inf.  Circ.  8376,  1968,  pp.  29-39. 
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mesh.   This  indicates  the  pulverization  technique  is  feasible  if  operating 
conditions  are  selected  carefully. 

Coal  Cleaning 

Washing  Characteristics 

Appalachian  Coals 

A  survey  of  the  washability  characteristics  of  the  principal  coking  coals 
in  the  Appalachian  region  was  continued.   During  1967  a  survey  was  completed 

P  P 

of  coal  in  Upshur  County,  W.  Va.,  ^  and  analyses  were  conducted  on  coal  in 
Clarion  County,  Pa.   Reports  covering  surveys  of  coalbeds  in  59  Appalachian 
region  counties  are  identified  in  figure  17.   Of  the  590,000  tons  of  coal  pro- 
duced in  1965  in  Upshur  County,  approximately  60  percent  was  cleaned.   Six 
samples  from  14  collected  were  of  metallurgical  quality  as  received;  five  sam- 
ples could  be  upgraded  to  provide  suitable  products;  the  remaining  three  sam- 
ples could  not  be  sufficiently  upgraded  because  of  excessive  sulfur. 

Pennsylvania  Anthracite 

Analysis  was  completed  of  two  samples  from  the  Kidney  seam,  Northern 
anthracite  field.   The  Kidney  seam  is  a  low-ash  coal,  and  samples  analyzed  to 
date  have  contained  large  percentages  of  low  specific-gravity  material.   Also 
analyzed  were  seven  samples  from  the  major  reserves  of  the  Bottom  Red  Ash  bed, 
Northern  anthracite  field.     Recovery  of  market-grade  coal  was  high  for  all 
samples,  ranging  from  76  to  95  percent  in  the  egg  through  pea  sizes.   Crushing 
the  coarse  coals  to  pea  size  and  smaller  usually  increased  the  recovery  of 
market-grade  coal  and  substantially  increased  the  amount  of  product  containing 
5  percent  or  less  ash. 

Coal-Cleaning  Methods 

Froth  Flotation 

Studies  were  continued  of  the  main  operating  variables  affecting  coal 
cleaning  by  the  flotation  process.   Objective  of  this  study  is  to  obtain  data 
that  will  enhance  the  quality  and  yield  of  cleaned  coal  and  reduce  stream 
pollution  from  flotation  operations.   Preliminary  tests  of  a  flotation  system 
indicated  the  system  is  reliable  and  the  results  are  reproducible.   Results 
from  subsequent  tests  of  Pittsburgh-bed  coal  from  Pennsylvania,  are  being 
analyzed. 

Dense-Medium  Washers 

Major  types  of  coal  preparation  equipment,  including  dense-medium  washers, 
are  being  studied  to  obtain  performance  data  and  washability  analyses.   Such 

Deurbrouck,  A.  W.   Preparation  Characteristics  of  Coal  From  Upshur  County, 

W.  Va.   BuMines  Rept.  of  Inv.  7004,  August  1967,  32  pp. 
Sanner,  W.  S.   Preparation  Characteristics  of  Pennsylvania  Anthracite  From 

the  Bottom  Red  Ash  Bed,  Northern  Field.   BuMines  Rept.  of  Inv.  6989,  July 

1967,  36  pp. 
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LEGEND 
Reports  published 
Field  work  completed 


FIGURE  17.  ■>  Washability  Reports,  Appalachian  Coals,  1967. 


information  can  help  coal  preparation  engineers  choose  coal -washing  equipment 
Testing  of  a  washer  from  the  anthracite  field  completed  the  study  of  the  per- 
formance of  coarse-coal  dense-medium  vessels  and  work  with  commercial  fine- 
coal  dense-medium  cyclone  washers  was  continued.   In  the  latter  study, 
recoveries  from  four  cyclones  used  in  the  bituminous  coal  field  ranged  from 
66.6  to  88.6  percent  at  efficiencies  of  96.9  to  99.8  percent.   Specific  gravi- 
ties of  separation  were  between  1.45  and  1.55,  with  near-separating-gravity 
(±0.10)  material  ranging  from  2.7  to  12.7  percent  of  the  feed. 


42 


FIGURE    18.  •  Developing  Nuclear  Method  of  Coal  Analysis. 


Quality  Control 

Nuclear  methods  are 
being  developed  to 
rapidly  and  continuously 
determine  the  amount  of 
moisture  and  sulfur  in 
coal  moving  on  conveyor 
belts  (fig.  18).   Conven- 
tional procedures  are 
laborious  and  the  results 
are  not  immediately  avail- 
able.  Rapid,  continuous 
analysis  could  provide 
better  process  control 
leading  to  a  more  uni- 
form coal  product.   A 
neutron  meter  for  mois- 

pA 

ture  in  coal,  installed 
at  the  Robena  plant  of 
the  United  States  Steel 
Corp.,  operated  continu- 
ously for  11  months  with- 
out electronic  failure 
and  with  a  measurement 
precision  of  1  percent. 
The  precision  was  limited 
by  excessive  segregation 
of  particles  and  nonuni- 
formity  of  the  coal  flow. 
Tests  were  continued 
with  equipment  designed 
to  improve  the  uniform- 
ity of  coal  flow  and  cor- 
rect for  errors  from 
bulk-density  variations. 


Research  was  also  continued  on  a  continuous  nuclear  meter  for  sulfur  in 
coal.   An  electronic  system  was  developed  that  gives  higher  count  rates.   With 
this  system,  sulfur  can  be  determined  in  less  than  10  minutes  with  a  sensitiv- 
ity of  0.05  percent.   Sulfur-containing  fluids  were  analyzed  with  even  greater 
sensitivity,  indicating  the  possible  utility  of  the  meter  for  analyzing  other 
materials  for  various  elements.25 

24Stewart,  R.  F.,  and  A.  W.  Hall.   A  Neutron  Moisture  Meter  for  Coal.   Trans. 

S.M.E.,  September  1967,  pp.  269-272. 
Stewart,  R.  F.   Apparatus  and  Process  for  Continuous  Measurement  of  Moisture 

in  Moving  Coal  by  Neutron  Thermalization.   U.S.  Pat.  3,353,021, 

Nov.  14,  1967. 
Stewart,  R.  F.   Nuclear  Measurement  of  Carbon  in  Bulk  Materials.   Proc.  17th 

National  ISA  Conf.,  March  1967,  pp.  2-1  through  2-14;  Trans.  ISA,  v.  6, 

No.  3,  September  1967,  pp.  200-208. 
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Coal  Pipelining  and  Handling 

Hydraulic  Transportation 

Hydraulic  pipelining  costs  are  relatively  stable  and  such  systems  can  be 
totally  automated,  hence  this  method  of  transporting  solid  materials  is  exten- 
sively used  and  continues  to  receive  much  attention.   In  1967  tests  were  com- 
pleted with  a  6-inch-diameter,  1-mile-long  pipeline  transporting  coarse  mine 
refuse,  coal,  and  limestone.   Pressure  loss  and  critical  velocities  were 
obtained  for  a  wide  range  of  concentrations  of  these  materials.  Data  were  also 
obtained  on  wear,  energy  requirements,  particle  size  and  geometry,  and 
specific  gravity. 


FIGURE  19.  -  Operating  Pneumatic  Coal  Pipeline  System. 
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Since  pumping  cost  is  a  major  factor  in  transporting  materials  hydrauli- 
cally,  efforts  are  being  focused  on  novel  methods  for  reducing  the  head  loss 
and  therefore  the  amount  of  pumping  power  required.   Currently  three  methods 
for  reducing  the  energy  requirements  are  being  evaluated.   These  involved  the 
use  of  (1)  noncircular  ducts,  (2)  suspensions  of  fine  solids  to  transport 
coarse  solids,  and  (3)  friction-reducing  additives.   To  investigate  these 
techniques,  a  laboratory  facility  was  built  that  accommodates  up  to  70  feet 
of  pipe. 

In  another  project,  work  is  proceeding  on  the  design  of  a  centrifugal 
pump  causing  minimum  breakage  of  coal.   A  2-1/2-  by  2-inch  open-impeller 
solids  pump  was  ordered.   The  vanes  of  this  pump  will  be  modified  to  minimize 
breakage  of  coal  as  it  passes  through. 

Pneumatic  Transportation 

Experiments  were  completed  with  a  system  designed  to  provide  information 
on  short-distance  pneumatic  pipelining  of  coal  (fig.  19).   In  pneumatic  pipe- 
lining, fine  particles  of  coal  are  carried  along  suspended  in  a  gas.   Of  par- 
ticular interest  is  cost  per  ton-mile,  solids- loading  factors,  and  design 
factors  like  pressure  drop,  particle  velocity,  minimum  flow  velocity,  and 
particle  size.   A  total  of  362  runs  was  completed  with  200-mesh  coal  particles 
suspended  in  gas  moving  through  1-,  2-,  and  3-inch  pipes  up  to  300  feet  in 
length.   Design  and  operating  characteristics  are  being  determined  and  data 
from  the  tests  are  being  analyzed  to  develop  mathematical  formulas  for  the 
design  of  larger  systems. 

Coal  Handling 

An  investigation  into  the  physical  properties  of  packed  coal  was  initi- 
ated via  a  study  of  two  properties:  (1)  The  shear  strength  of  coal  in  contact 
with  steel  surfaces  and  (2)  the  erosion  resistance  of  packed  coal.  Correla- 
tions are  sought  between  physical  properties  of  coal,  such  as  size,  moisture 
content,  and  friability,  for  use  in  designing  or  selecting  coal-handling 
equipment.  A  survey  of  literature  on  related  work  was  completed  and  a  small 
laboratory  was  equipped  with  apparatus  to  carry  out  necessary  tests. 

SECTION  6.  -  ELECTRIC  POWER  GENERATION  FROM  COAL 

Electric  power  generation  by  coal-fired  steam  boilers  continues  to  con- 
sume more  than  one-half  of  the  coal  mined  annually  in  this  country.   Certain 
coals  cause  difficulties  in  powerplant  operation,  however,  and  air-pollution 
regulations  are  placing  restrictions  on  the  amount  of  sulfur  permitted  in 
steam  coals  or  S02  allowed  in  stack  gases  released  to  the  atmosphere.   A 
special  urgency  exists,  therefore,  to  develop  improvements  in  the  coal -burning 
power-generating  system. 

Ash  deposition  on  the  tubes  of  lignite-burning  boilers  continued  to  be 
investigated  by  the  Bureau  of  Mines  in  a  search  for  measures  to  improve  the 
operation  of  lignite-fueled  powerplants.  Lignite  deposits  were  sampled  and 
analyzed  to  determine  the  composition  and  the  variation  in  ash  composition; 
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studies  were  continued  to  determine  the  relationship  between  ash  composition 
and  boiler-fouling  tendencies.   Research  was  also  continued  on  different  types 
of  combustion  systems  in  an  effort  to  increase  powerplant  efficiency  and 
reduce  ash  deposition,  boiler  corrosion,  and  air  pollution.   Fuel  and  boiler 
water  service  was  continued  to  assist  Federal  powerplant  operators,  particu- 
larly to  help  them  reduce  air  pollution  and  achieve  higher  efficiencies.   New 
types  of  coal-burning  power-generating  systems,  including  magnetohydrodynamic 
generators  (MHD)  and  gas  turbines,  were  studied  further  in  an  effort  to  reduce 
power  costs  and  increase  the  potential  of  coal  in  the  energy  market. 

These  projects  seek  to  reduce  power  costs  and  convert  coal  into  energy 
with  minimum  pollution  of  the  natural  environment,  thus  help  the  national 
economy  and  maintain  or  increase  coal's  share  of  the  energy  market. 

Coal-Burning  Electric  Powerplants 

Boiler-Tube  Slagging  and  Corrosion 

Fouling  of  boiler-tube  surfaces  by  ash  deposits  is  a  common  problem  at 
powerplants  fueled  with  North  Dakota  lignite.   Two  pulverized-lignite-f ired 
plants  in  the  200-mw  range  have  gone  into  commercial  operation  within  the  past 
several  years  and  both  of  them  have  experienced  severe  fouling  difficulties. 
Construction  has  begun  on  another  200-mw  plant,  but  this  unit  will  use  cyclone- 
furnace  combustion-- the  first  such  application  for  North  Dakota  lignite. 

Field  Tests,  Lignite-Burning  Powerplants 

Full-scale  boiler  tests  to  study  the  effect  of  sodium  content  of  lignite 
on  boiler  fouling  were  conducted  in  1965  and  1966  in  cooperation  with  the 
Otter  Tail  Power  Co.  and  the  Knife  River  Coal  Mining  Co.     Other  things  being 
equal,  the  degree  of  fouling  with  lignite  from  one  mine  was  found  to  be 
directly  related  to  the  sodium  content  of  the  lignite.   As  a  result  of  these 
tests,  the  utility  company  and  mining  company  coordinated  operations  to  con- 
trol the  sodium  content  of  lignite  to  predetermined  values  determined  by 
expected  powerplant  loads.   Fuel  from  various  strip  pits  is  blended  at  the 
mine  to  give  prescribed  sodium  concentrations. 

In  1967  the  Bureau  cooperated  in  full-scale  tests  at  the  Otter  Tail  Co. 
Hoot  Lake  plant  to  evaluate  the  fouling  tendencies  of  lignite  from  the 
Gascoyne  mine,  a  fuel  which  had  not  been  used  before  in  a  pulverized-f uel - 
fired  boiler.   The  same  coal  was  also  evaluated  in  a  75-pound-per-hour  furnace 
to  establish  a  relationship  between  pilot-scale  and  full-scale  tests.   Both 
test  methods  showed  that  Gascoyne- lignite  deposition  rates  were  less  and  the 
deposits  were  easier  to  remove  than  were  deposits  from  lignite  from  the  Beulah 
mine. 


abGronhovd,  G.  H.,  R.  J.  Wagner,  and  A.  J.  Wittmaier.  A  Study  of  the  Ash 
Fouling  Tendencies  of  a  North  Dakota  Lignite  as  Related  to  its  Sodium 
Content.   Trans.  S.M.E.,  September  1967,  pp.  313-322. 
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Fouling  Characteristics  of  Western  Coals 

Research  is  underway  to  determine  the  fouling  tendencies  of  Western  coals 
and  lignites  from  the  northern  Great  Plains  area  and  to  study  air  pollution 
problems  relating  to  their  combustion.   A  reliable  fouling  index  would  be  a 
valuable  aid  in  choosing  mining  areas  for  new  powerplants  and  would  help  solve 
problems  in  existing  plants.   A  75-pound-per-hour  pulverized-coal  furnace  was 
constructed  (fig.  20)  and  a  test  program  was  initiated.   The  combustion  cham- 
ber of  the  furnace  is  about  8  feet  high  by  30  inches  in  diameter  and  the  heat- 
release  rate  is  comparable  with  that  of  modern  commercial  pulverized-fuel- 
fired  boilers.   Three  air-cooled  probe  banks  in  the  flue  gas  duct  simulate 
convection-tube  banks  in  a  boiler.   Flue  gas  temperatures  at  the  various  probe 
bank  inlets  are  nominally  about  2,100°,  1,800°,  and  1,600°  F  (1,150°,  980°, 
and  870°  C,  respectively).   Each  run  consists  of  a  preheat  period  followed  by 
a  5-1/4-hour  test  period  at  an  input  rate  of  about  600,000  Btu  per  hour. 
After  each  test  the  deposits  are  photographed,  removed,  weighed,  and  analyzed. 
Over  40  tests  have  been  completed  with  13  different  lignite  samples  of  widely 
varying  ash  composition. 

Large  differences  were  observed  in  quantity  and  composition  of  deposits 
produced  during  the  combustion  tests.   Deposits  on  the  first  probe  bank,  for 
example,  ranged  as  low  as  50  grams  and  as  high  as  500  grams  for  the  same  quan- 
tity of  coal  burned.   Figure  21  shows  deposits  from  two  lignite  samples  in 
which  the  only  major  difference  was  the  sodium  content  of  the  ash.   Lignite 
with  0.3  percent  NagO  in  the  ash  produced  50  grams  of  very  weak  deposit;  lig- 
nite with  6.4  percent  Na^  produced  386  grams  of  a  much  stronger  deposit. 
Figure  22  shows  how  deposits  from  the  combustion  of  samples  from  one  mining 
area  increased  with  increase  in  sodium  content.   For  lignites  tested  to  date, 
with  one  exception,  a  consistent  relationship  was  found  to  exist  between 
sodium  content  and  degree  of  fouling.   As  data  are  accumulated,  efforts  will 
be  made  to  correlate  deposit  weight  with  other  components  in  the  ash.   Results 
from  the  pilot  plant  furnace  correlate  well  with  fouling  experience  in  large 
commercial  pulverized-fuel-f ired  plants.   Plans  call  for  investigating  other 
factors  in  ash  deposition  and  for  placing  increasing  emphasis  on  air  pollution 
problems. 

In  related  work,  information  is  being  obtained  on  the  variation  in  com- 
position of  Western  coals  and  lignite,  particularly  with  respect  to  the  ash. 
Coal  and  ash  analyses  have  been  obtained  for  497  samples  from  10  mines  in 
western  North  Dakota  and  eastern  Montana,  with  significant  differences  iden- 
tified within  and  between  mines.  Ashes  from  Colorado  and  Utah  bituminous  coals 
were  analyzed  in  extending  the  survey  to  Western  coals  other  than  lignites. 
Information  from  this  survey  is  made  readily  available  to  the  industry. 

Basic  Research  on  Coal  Ash 

Knowledge  of  the  composition  and  properties  of  the  mineral  matter  in  lig- 
nite and  in  fireside  deposits  from  the  combustion  of  lignite  may  help  explain 
how  deposits  form  and  indicate  corrective  action.   An  investigation  is  under- 
way to  obtain  such  data.   Attempts  have  been  made  to  completely  dissolve  lig- 
nite to  separate  the  inorganic  and  organic  portions.   These  efforts,  while 
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FIGURE    21.  -  Deposits  From  Lignite 
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FIGURE  20.  -  Furnace  for  Air-Pollution  and 
Ash  Study. 
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only  partly  successful,  indicated  that  most  of  the  sodium  in  lignite  is  bound 
to  the  organic  material,  and  subsequent  investigation  of  ion-exchange  tech- 
niques showed  the  sodium  to  be  readily  available  for  exchange.   In  some  cases, 
sulfur  reduction  was  also  significant.   Retention  of  sulfur  in  ash  from  the 
combustion  of  carbon  in  the  laboratory  appeared  to  depend  on  the  presence  of 
enough  calcium  and  magnesium  to  form  refractory  sulfates,  as  opposed  to  the 
less  stable  sulfates  of  iron  or  aluminum.   Ion-exchange  tests,  in  which  lig- 
nite was  treated  with  solutions  containing  iron  or  aluminum  to  reduce  the 
calcium  and  magnesium  content,  indicated  that  the  amount  of  sulfur  retained 
in  the  ash  varies  directly  with  the  amount  of  calcium  and  magnesium  present. 

Float  and  sink  separations  were  made  of  samples  of  minus  60-mesh  lignite 
using  carbon  tetrachloride.   Generally,  X-ray  diffraction  analyses  of  minerals 
separated  manually  from  the  sink  fraction  showed  the  presence  of  silicates, 
pyrite,  and  calcium  or  barium  sulfate.   In  one  sample  calcite  (CaC03)  was 
identified.   In  all  cases  the  sodium  concentration  of  the  separated  minerals 
was  1  percent  or  less,  an  additional  indication  that  the  sodium  is  associated 
with  the  carbonaceous  matter  rather  than  with  the  extraneous  mineral  matter. 

Methods  have  been  worked  out  for  the  analysis  of  the  elements  in  ash  and 
deposits  by  X-ray  fluorescence.   Diffraction  patterns  have  been  obtained  on  a 
number  of  specimens,  and  a  reference  file  of  diffraction  patterns  is  being 
assembled. 

A  procedure  was  developed  for  examining  fragile  ash  deposits  and  lignite 
samples  by  optical  or  electron  microprobe  techniques.   This  work  was  accom- 
plished under  the  cooperative  fellowship  program  with  the  University  of  North 
Dakota.   Samples  are  imbedded  in  a  heat-curing  epoxy  resin  at  reduced  pressure, 
then  cut  and  polished  as  desired.   Ash  deposits  from  the  pilot-plant  combustor 
were  prepared  by  this  procedure,  cut  at  selected  locations,  and  examined  by 
the  electron  microprobe.   Examination  of  one  of  the  deposits  from  high-sodium 
Baukol-Noonan  lignite  revealed  a  1-mm  white  layer,  high  in  sodium  and  sulfur, 
next  to  the  tube  on  which  the  deposit  had  formed.   An  X-ray  diffraction  pat- 
tern further  identified  this  material  as  metathenardite  (Na2S0A).   The  matrix 
material  furthest  removed  from  the  tube  surface  was  indicated  as  sodium  cal- 
cium orthosilicate  and  sodium  aluminum  silicates;  sulfur  did  not  appear  to  be 
present.   A  deposit  obtained  on  combustion  of  a  high-sodium  Beulah  lignite 
showed  a  much  thinner  layer  of  sodium  sulfate  adjacent  to  the  tube  surface. 
Several  locations  in  a  sample  of  lignite  appeared  to  be  inclusions  of  aluminum 
or  calcium  silicates.   Moreover,  most  of  the  calcium,  iron,  sulfur,  and  sodium 
appeared  to  be  uniformly  distributed,  which  may  indicate  humic  acid  salts  and 
organic  sulfur. 

Corrosion  of  steel  by  hot  combustion  products  imposes  a  limit  on  steam 
temperatures  of  coal-fired  powerplants.   This  corrosion  may  be  caused  by 
molten  compounds  in  contact  with  boiler  tubes  at  furnace  temperatures.   Since 
the  deposits  are  mainly  alkali  metals,  iron,  and  sulfur  oxides,  experimental 
work  is  being  concentrated  on  reactions  occurring  between  these  compounds. 
In  work  to  date,  fused-salt  complexes  have  been  observed  to  form  at  tempera- 
tures below  the  fusion  temperatures  of  the  original  alkali  metal  salts. 
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Furthermore,  stainless  steel  has  been  found  to  be  more  susceptible  than  cold- 

of  a  fused-salt  cor 
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rolled  steel  to  the  formation  of  a  fused-salt  complex. 


Pulverized-Coal  Combustion 

Construction  was  almost  completed  of  a  500-pound-per-hour  pulverized- 
coal-fired  furnace,  the  only  experimental  furnace  of  this  size  in  the  country 
(fig.  23).   The  furnace  will  simulate  the  performance  of  industrial  steam- 
generating  powerplant  furnaces  and  will  be  operated  in  an  attempt  to  improve 
the  reliability  and  combustion  efficiency  of  modern  equipment  and  to  study 
air-pollution  problems  associated  with  coal  combustion.   Commercial  furnaces 
are  too  large,  costly,  and  unwieldly  for  experimentation;  results  from  smaller 
units  are  difficult  to  apply  to  full-scale  furnaces.   Factors  to  be  studied 
include  flame  stability,  swirl  effects,  radiation  from  flame,  minimum  excess 
air  requirements,  and  the  effect  of  temperature  and  air-to-fuel  ratio  on  sulfur 
and  nitrogen  oxides  formation. 

Fluid-Bed  Combustion 

Fluidized-coal  combustion  with  its  relatively  low  temperatures  and  high 
heat-transfer  rates  offers  possible  reduction  in  powerplant  operating  and 
capital  costs  if  adapted  to  central-station  steam  boilers.   Fluid-bed  combus- 
tion may  also  retard  furnace  corrosion  and  ash  deposition  and  reduce  emission 
of  oxides  of  sulfur  and  nitrogen.   Experimental  combustors  were  designed  and 
built  in  1967  for  coals  ranging  from  anthracite  through  highly  caking 
Pittsburgh- seam  bituminous  (fig.  24).   Also,  as  part  of  a  cooperative  program 
between  the  British  Coal  Utilization  Research  Association  (BCURA)  and  the 
Department  of  the  Interior,  one  of  these  combustors  was  used  to  check  heat- 
transfer  rates  from  the  bed  to  water-cooled  tubes  passing  through  the  bed. 
Results  of  the  tests  confirmed  BCURA  predictions.   In  other  work  a  pilot-scale 
fluid-bed  combustor  was  operated  to  study  burning  rates,  combustion  efficiency, 
heat-transfer  rates,  and  distribution  of  heat  release  within  and  over  the  bed. 
Stable  combustion  was  maintained  with  bed  temperatures  of  1,700°  F  (925°  C) 
and  virtually  no  fuel  reserve  in  the  bed.   Heat- transfer  coefficients  appar- 
ently increased  with  decrease  in  fuel  particle  size;  coefficients  of  100  Btu 
per  hour  per  square  foot  per  degree  Fahrenheit  were  attained  with  35-mesh 
particles  of  coal. 

Fuel  Engineering  Service 

In  addition  to  normal  requests  for  technical  assistance,  two  field  tests 
were  performed,  one  for  the  General  Services  Administration  (GSA)  and  one  for 
the  Department  of  the  Navy.   Also,  at  the  request  of  the  Department  of  the 
Army,  an  18-month  program  was  initiated  to  investigate  the  combustion  charac- 
teristics of  various  Pennsylvania  anthracites,  of  differing  qualities,  in  a 

27Goldberg,  S.  A.,  J.  J.  Gallagher,  and  A.  A.  Orning.   High  Temperature 

Corrosion  on  Fireside  Surfaces  of  Coal-Fired  Steam  Generators.   Am.  Soc. 
Mech.  Engrs.  Preprint  67-WA/CD-2,  1967,  6  pp. 
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FIGURE  23.  -  Experimental  Pulverized-Coal  Furnace. 
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FIGURE  24.  -  Observing  Fluid  Bed  During  Combustion  Tests. 

German  coke  boiler.   The  purpose  of  these  tests  is  to  determine  which  anthra- 
cites will  operate  acceptably  in  boilers  and  to  enable  the  Army  to  set  speci- 
fications on  coal  purchases  for  use  in  Europe.   A  boiler  furnished  by  the  Army 
was  assembled  and  installed  along  with  auxiliary  equipment  and  testing  appara- 
tus (fig.  25).   Boiler  operation  was  very  satisfactory  in  initial  tests. 

The  Department  of  the  Navy  requested  a  dust-emission  survey  of  a  newly 
installed  heating  plant  at  the  Little  Creek  Amphibious  Base,  Norfolk,  Va. 
Seven  dust-loading  tests  were  performed  under  various  load  conditions  to 
determine  the  amounts  of  dust  emitted  from  the  plant.   The  tests  were  designed 
to  help  the  Navy  evaluate  the  dust-collecting  equipment  and  determine  future 
requirements  to  meet  air-pollution  regulations  at  this  and  similar 
installations. 


A  series  of  boiler  acceptance  tests  were  conducted  for  GSA  for  the  heat- 
ing plant  at  Howard  University  in  Washington,  D.C.   Two  newly  installed 
100,000  Btu  per  hour  oil-fired  package  boilers  were  tested  to  determine  their 
ability  to  satisfy  steam  demands  at  thermal  efficiencies  called  for  in  a 
contract. 
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FIGURE  25.  •  Evaluating  U.S.  Anthracites  in  German  Boiler. 
Boiler-Water  Service  and  Research 


Thousands  of  Federal  heating,  power,  and  air-conditioning  plants  use  the 
Bureau's  industrial  water  service.   Initiated  about  40  years  ago  to  improve 
fuel  (coal)  economy  in  steam  heat  and  power  generators  by  minimizing  the  forma- 
tion of  scale  on  heat-transfer  surfaces,  the  service  has  been  adopted  widely 
because  it  also  reduces  maintenance  costs  by  averting  water-related  trouble. 
The  boiler-water  service  now  includes  many  large-area  heating  systems  in  which 
water  is  heated  and  circulated  at  high  temperatures  and  pressures.   Also,  the 
special  water  treatment  competence  of  the  Bureau  has  been  increasingly 
enlisted  by  Federal  agencies  to  control  water  stability  and  corrosivity  in 
large  air-conditioning  systems. 

The  service  is  based  on  in-plant  testing  with  test  kits  and  methods  sup- 
plied by  the  Bureau,  largely  on  a  reimbursable  basis.   Distribution  of  test 
kits  and  kit  components  totaled  106,899  items  in  1967,  an  increase  of  nearly 
20  percent  over  1966.   Requests  for  service  were  received  from  40  additional 
plants,  but  most  of  the  increase  resulted  from  more  diligent  application  of 
the  in-plant  testing. 
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A  Bureau  laboratory  is  maintained  for  the  referee  analysis  of  samples 
submitted  periodically  by  plant  operators  as  a  check  on  their  in-plant  test- 
ing.  These  samples  also  attest  to  good  control  over  the  prescribed  boiler 
quality  and  enable  an  occasional  examination  for  constituents  not  ordinarily 
evaluated  by  the  operators.   The  laboratory  analyzed  12,835  samples  in  1967, 
about  40  fewer  than  the  previous  year.   The  decrease  is  normal  and  reflects 
an  increasing  confidence  in  in-plant  testing  on  the  part  of  the  operators  who 
feel  that  samples  can  be  submitted  less  frequently. 

Improved  in-plant  testing  is  the  principal  objective  of  the  Bureau' s 
3-day  workshop  on  industrial  water  treatment.   The  nine  sessions  conducted 
during  1967  were  attended  by  84  supervisory  personnel  from  seven  Federal 
agencies,  bringing  the  total  attendance  to  424  for  the  now  6-year  project. 
Results  have  been  reflected  in  improved  employee  morale  and  superior  operator 
performance,  and  applications  to  the  workshop  have  continued  at  the  100-per- 
year  level.   The  workshop  is  essentially  the  only  direct  contact  with  plant 
operators,  the  service  being  accomplished  by  mail  through  reports  on  periodi- 
cally submitted  samples. 

The  cooling-water  service  parallels  the  boiler-water  service,  it  too 
being  based  on  in-plant  testing,  corrosivity  monitoring,  and  referee  chemical 
analysis.   A  Department  of  the  Air  Force  directive  issued  in  1967  requires  all 
of  its  facilities  to  apply  for  this  service  for  large  air-conditioning  systems. 

Preventive  maintenance  research  is  conducted  in  close  coordination  with 
the  boiler-  and  cooling-water  service.   Laboratory  testing  has  shown  that 
Bureau- recommended  treatment  for  cooling  water  provides  good  overall  protec- 
tion.  Practical  performance  in  operating  cooling  systems,  under  a  variety  of 
environmental  conditions,  was  confirmed  during  the  monitoring  of  several 
Federal  installations  near  the  laboratory.   Nevertheless,  potentially  better 
cooling-water  treatments  are  constantly  being  tested.   Special  attention  is 
given  the  control  of  algae  and  slime  growths,  a  seasonal  trouble  in  many 
cooling  systems. 

Costly  corrosion  of  condensate  return  lines  in  large-area  heating  systems 
continued  to  receive  special  study.   A  total  of  342  Bureau  of  Mines  condensate 
corrosivity  testers  were  distributed  during  the  year,  a  slight  decrease  com- 
pared with  1966,  and  299  testers  were  returned  for  evaluation.   Disclosure  of 
a  condensate  corrosivity  problem  was  quickly  followed  by  the  application  of 
improved  housekeeping  or,  where  necessary,  comparatively  inexpensive  chemical 
treatment.   Followup  tests  generally  showed  quick  response  in  terms  of  much 
decreased  condensate  corrosivity.   Estimated  conservatively,  maintenance  costs 
for  repairing  corroded  return  lines  were  at  least  $6  million  less  in  1967  than 
they  were  10  years  earlier. 

The  Bureau  continued  to  cooperate  with  industry  to  improve  industrial 
water  technology  and  develop  improved  water  codes  and  standards.   A  Bureau 
representative  served  as  1967  chairman,  Research  Committee  on  Boiler  Feedwater 
Studies,  American  Society  of  Mechanical  Engineers.   Also,  a  Bureau  representa- 
tive was  appointed  chairman  of  a  performance  test  codes  committee  to  compile  a 
comprehensive  document  on  testing  steam  and  water  in  the  power  cycle. 
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Survey  of  Surf ace-Minable  Steam  Coal  Reserves 

Although  surface  mining  currently  accounts  for  more  than  33  percent 
(approximately  185  million  tons)  of  the  Nation's  bituminous  coal  and  lignite 
production,  principally  as  a  source  of  low-cost  fuel  for  electric  power  utili- 
ties, surf ace-minable  reserves  constitute  one  of  the  major  unmeasured  factors 
in  the  Nation1 s  energy  reserve  picture.   Accordingly,  the  second  phase  of  a 
comprehensive  study  of  such  reserves  in  the  United  States  was  initiated  as  a 
followup  to  the  first  phase.   Information  will  be  compiled  and  published  on 
the  amount  and  location  of  this  important  low-cost  fuel.   The  first  phase  was 
primarily  a  literature  search  on  the  subject.   The  second  phase  will  identify 
the  most  promising  areas  for  future  surface-mining  operations. 

Magnetohydrodynamic  Generation  of  Electricity 

Magnetohydrodynamic  (MHD)  generation  of  power  promises  to  significantly 
increase  the  efficiency  with  which  fossil  fuels  can  be  converted  to  electrical 
energy.   In  MHD,  electricity  is  generated  by  the  movement  of  high  temperature 
ionized  gases  at  sonic  velocities  across  a  magnetic  field;  exhaust  gases  from 
the  unit  pass  to  a  conventional  steam  turbine  that  generates  more  electricity 
and  completes  the  power  cycle.   Cesium  or  potassium  salts,  referred  to  as  seed, 
are  added  to  the  hot  combustion  gases  to  increase  ionization  and  make  the 
gases  more  conductive.   The  Bureau  is  studying  high- temperature  combustion  of 
coal,  corrosion  of  boiler-tube  materials,  and  recovery  of  the  seed.   (The 
salts  used  as  seed  are  relatively  expensive.   Moreover,  they  increase  boiler- 
tube  corrosion  and  are  difficult  to  recover  economically  for  reuse.)   Burner 
development  also  is  a  major  consideration. 

Two  experiments  were  completed  this  year  in  a  coal  combustion  furnace 
operating  at  4,000°  F  (2,200°  C) .   Conductivity  of  the  flame  was  increased 
about  75-fold  by  adding  2  weight-percent  of  potassium  carbonate  (K2C03)  to  the 
coal.   The  carbonate  reacted  stoichiometrically  with  sulfur  in  the  coal,  low- 
ering the  SOg  content  of  the  waste  gases.   This  is  an  attractive  potential 
feature  of  MHD  power  generation,  particularly  if  S02  emission  can  be  com- 
pletely eliminated  while  still  permitting  regeneration  of  spent  seed.   In 
subsequent  tests,  S02  concentration  in  the  gases  will  be  studied  as  a  function 
of  potassium  salt  input.   The  seeded  combustion  products,  however,  severely 
corroded  310  stainless  steel,  nickel,  and  Inconel  at  metal  temperatures  of 
1,500°  F  (815°  C),  although  cobalt-based  alloy  (Haynes  25)  withstood  the 
severe  conditions.   Information  is  to  be  sought  on  metals  suitable  for  use  in 
highly  alkaline  flue  gas. 

Construction  was  almost  completed  of  a  vortex-MHD  generator  (fig.  26) 
containing  a  coal-fired  cyclone  burner  with  additional  electrodes  and  an 
external  magnet.   This  apparatus  combines,  in  a  single  unit,  the  usual  burner- 
nozzle-duct  configuration  of  a  conventional  MHD  electric  generator.   It  will 
provide  an  opportunity  to  study  nonthermal  ionization  phenomena  in  unseeded 
flames.   Design  of  the  generator  is  based  on  a  125-pound-per-hour  coal-fired 
cyclone  burner.   An  output  of  approximately  1  kilowatt  is  predicted  using  a 
3,000-gauss  magnet. 
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Many  critical  areas 
concerning  coal's  utili- 
zation in  MHD-  steam  power- 
plants  have  been  investi- 
gated by  mathematical 
simulation  of  the  com- 
plex chemical  and  physi- 
cal phenomena  that  occur 
in  the  process.  Problems 
considered  include 
(1)  slag  condensation- 
composition,  quantity, 
and  disposition  in  the 
system;  (2)  seed  loss- 
mechanism,  separation 
from  combustion  products, 
and  recycle;  and  (3) 
plasma-slag  properties-- 
thermodynamic,  electri- 
cal,  and  physical. 
Results  indicate  that  a 
combined  MHD- steam  power- 
plant  can  be  operated 
without  air  pollution  by 
S02  if  the  seed  is  con- 
verted to  a  non-sulfur- 
containing  form  before 
it  is  recycled  to  the 
generator. 


Coal-Burning 
Gas  Turbines 

Development  work 
was  concluded  on  a 
direct-fired  (open-cycle) 
gas  turbine  fueled  with 
coal.   The  major  objective  of  the  turbine  project  was  to  increase  the  operat- 
ing reliability  of  a  coal-burning  turbine  and  extend  the  useful  life  of  criti- 
cal parts,  especially  the  turbine  blades.   A  pilot-scale  turbine,  developed 
and  tested  previously  by  Bituminous  Coal  Research,  Inc.,  was  equipped  with  new 

__ 

^°Feldmann,  H.  F.,  W.  H.  Simons,  and  D.  Bienstock.   Design  Data  for  Coal- 
Burning  Open-Cycle  MHD  Systems.   1.   Effect  of  Slag  Formation  on  Duct 
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Burning  Open-Cycle  MHD  Systems.   2.   Effects  of  Coal  and  Char  Fuels  and 
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FIGURE  26.  -  Magnetohydrodynamic  Generator  With 
Coal-Fired  Burner. 
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blades  and  operated  for  almost  2,000  hours.   As  a  result  of  these  experiments, 
a  life  of  about  7,000  hours  was  projected  for  the  stationary  blades  and  25,000 
hours  for  the  rotating  blades.29   Both  of  these  values  are  insufficient  for 
commercial  acceptability,  however,  since  approximately  100,000  hours  is 
regarded  as  necessary.   New  pressurized  coal  combustors  and  new  ash  separators 
for  the  direct-fired  turbine  were  evaluated  in  1967  to  determine  if  they  would 
increase  blade  life  by  reducing  the  amount  and  size  of  the  solid  particles 
entering  the  blade  section.   Virtually  complete  removal  of  ash  was  found 
necessary,  however,  to  attain  sufficient  blade  life.   Since  this  is  prohibi- 
tively expensive  for  a  direct-fired  system,  no  further  experiments  are  planned. 

A  high-temperature,  closed-cycle  gas  turbine  for  coal-burning  powerplants 
or  nuclear-fueled  extraterrestrial  applications  has  been  under  development.   A 
closed-cycle  turbine  would  be  driven  by  clean  gas  (working  fluid)  heated  by 
coal  combustion  gases  or  nuclear  fuels,  thus  the  blades  would  not  be  exposed 
to  hot  corrosive  gases.   Development  of  machines  to  circulate  the  working 
fluid  through  the  system  have  featured  the  research  effort.   Machines  with 
gas-lubricated  bearings  have  received  major  attention  because  they  would  be 
lighter,  less  complex,  and  could  be  hermetically  sealed  to  prevent  loss  of 
working  fluid- -a  common  problem  with  equipment  with  conventional  bearings. 
Loss  of  working  fluid  is  prohibitively  costly,  and,  in  extraterrestrial  appli- 
cations, cannot  be  tolerated.   A  small  turbine  with  gas- lubricated  bearings 
was  built  and  operated  to  study  the  feasibility  of  refractory  metal  rotors  for 
high-temperature,  high-speed  operation.   After  50  hours  with  gas  at  2,100°  F 
(1,150°  C)  (actual  turbine  temperature  unknown)  and  speeds  to  50,000  rpm,  both 
the  rotor  and  the  bearings  were  in  good  condition. 

A  private  concern,  under  contract  to  the  Bureau,  evaluated  a  coal-fired, 
closed-cycle  gas  turbine  for  onsite  (total  energy)  power  generation  in  the  1- 
to  100-mw  range.   The  lowest  generating  cost  was  revealed  as  6  to  7  mils  per 
kilowatt  hour,  too  high  to  be  economically  attractive.   Further  reduction  in 
power-generating  costs  for  a  closed-cycle  turbine  appear  to  depend  largely  on 
profitable  utilization  of  waste  heat  from  the  system. 

Gas  Turbine-Steam  Turbine  Power  Generating  System 

Recent  turbine  improvements  permitting  the  use  of  high  temperatures 
(2,000°  to  3,000°  F;  1,100°  to  1,650°  C)  may  lead  to  an  increase  in  the  over- 
all efficiency  of  coal-fired  power-generating  systems.   Conventional  boilers 
now  operate  at  an  inlet  temperature  of  about  1,000°  F--a  ceiling  imposed  by 
high- temperature  strength  limitations  on  currently  available  metals.   This 
ceiling  might  be  raised,  however,  if  a  high-temperature  coal-burning  gas 
turbine  could  be  developed  to  operate  in  conjunction  with  a  conventional  coal- 
fired  steam  boiler.   In  such  a  system  electricity  would  be  generated  by  a  gas 
turbine  equipped  with  air-cooled  blades  to  permit  operation  at  an  inlet-gas 
temperature  of  2,500°  F  (1,370°  C)  ;  hot  exhaust  gases  from  the  turbine  would 
produce  steam  in  a  conventional  waste-heat  boiler. 

29Smith,  J.,  R.  Cargill,  Donald  C.  Strimbeck,  William  M.  Nabors,  and  J.  P. 

McGee.   Bureau  of  Mines  Coal-Fired  Gas  Turbine  Research  Project:   Test  of 
New  Turbine  Blade  Design.   BuMines  Rept.  of  Inv.  6920,  1967,  77  pp. 
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Components  are  being  developed  for  such  a  system,  including  a  producer  to 
make  a  combustible  gas,  equipment  for  removing  ash  and  sulfur  from  the  gas, 
and  a  combustor  in  which  to  burn  the  gas  to  produce  a  hot  fluid  to  drive  the 
turbine.   Use  of  clean  gas  to  drive  the  turbine  will  extend  turbine-blade  life 
to  a  sufficient  period  for  commercial  operation.   Gas  purification  system 
development  is  being  directed  to  the  concept  of  dust  and  sulfur  removal  from  a 
hot  gas.   Ordinarily,  feed  gas  to  purification  equipment  is  cooled  before  puri- 
fication, but  processing  costs  would  be  reduced  if  the  gas  could  be  purified 
while  hot.   A  laboratory  investigation  was  begun  to  develop  such  a  system. 
Synthetic  producer  gas  containing  hydrogen  sulfide  is  being  passed  over  hot 
iron  oxide  and  other  solids  (1,200°  to  1,500°  F;  650°  to  815°  C)  to  evaluate 
the  sulfur-removal  effectiveness  of  these  materials  and  to  determine  optimum 
operating  conditions.   A  pressurized  combustor  for  producer  gas  has  been  built 
(fig.  27)  and  will  be  used  to  determine  permissible  limits  for  ash  and  sulfur 
in  gaseous  fuel  for  turbines  with  air-cooled  blades. 


FIGURE  27.  -  Combustor  for  Pressurized  Producer  Gas. 
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Catalyst  for  H2-02  Fuel  Cells 

Catalysts  are  being  developed  for  the  cathodic  reduction  of  oxygen  in 
alkaline  Hs -02  fuel  cells.   Materials  under  investigation  include  alloys  of 
the  transition  metals- -iron,  cobalt,  and  nickel--and  their  interstitial  com- 
pounds with  carbon,  nitrogen,  and  boron.   Development  of  catalysts  that  can  be 
successfully  substituted  for  the  platinum  now  used  would  make  the  fuel  cell 
smaller  and  lighter--a  significant  factor  in  space  vehicles.   Iron,  cobalt, 
and  nickel  also  are  considerably  cheaper  than  platinum  and  would  be  useful 
for  industrial  applications.   A  facility  was  constructed  (fig.  28)  to  test 
different  catalysts.   This  research  is  being  funded  by  the  National  Aero- 
nautics and  Space  Administration. 


FIGURE  28.  -  Testing  Catalysts  for  H2-O2  Fuel  Cells. 
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SECTION  7.  -  COKE,  CHAR,  AND  CHEMICALS  FROM  COAL  CARBONIZATION 

Metallurgical  and  chemical  coke  produced  by  carbonizing  (heating)  coal 
represents  the  second  largest  market  for  coal  in  the  United  States.   Retaining 
this  market  and  expanding  it,  if  possible,  is  of  vital  importance  to  the  coal 
industry.   Bureau  of  Mines  research  on  carbonization  in  1967  continued  to  help 
achieve  this  objective  through  the  development  of  better  methods  and  products. 

Anthracite  briquets  for  blast  furnaces  and  coke  for  chemicals  production 
received  further  study,  for  example,  as  did  the  blending  of  coal  char  with 
coal  to  replace  part  of  the  relatively  expensive  coals  required  in  Western 
coke  plants.   Carbonization  of  coal  at  1,200°  F  (650°  C),  referred  to  as  low- 
temperature  carbonization  because  coal  is  conventionally  coked  at  about 
1,800°  F  (980°  C),  was  investigated  further  as  a  potential  market  for  large 
quantities  of  coal  if  uses  can  be  established  for  the  many  potentially  valua- 
ble chemicals  derived  from  the  process.   Fundamental  research  on  carbonization 
continued  to  yield  information  needed  to  improve  product  yields  and  quality 
and  reduce  process  costs.   Surveys  of  locations,  quantities,  and  quality  of 
coking  coals  in  the  United  States  were  continued  to  provide  information  on  the 
suitability  of  these  coals  for  the  metallurgical  and  chemical  industries. 

Metallurgical  Fuels 

Briquets  made  from  anthracite  were  tested  as  a  blast-furnace  fuel  (with 
pellet  burden)  in  the  Bureau's  Experimental  Blast  Furnace.   The  1-3/4-inch- 
diameter,  hollow-core  briquets  consisted  of  approximately  82  percent  anthra- 
cite, 8  percent  coal-tar-pitch  binder,  and  10  percent  bituminous  coking  coal. 
Bulk  density  of  the  briquets  was  38  pounds  per  cubic  foot  so  they  were  lighter 
and  more  permeable  than  the  pillow-shaped  briquets  used  in  earlier  experi- 
ments.    During  4  days  of  blast  furnace  operations  with  the  hollow-core 
briquets,  no  hanging  was  evident  and  tuyere  pressures  were  uniform.   (Tuyere 
pressure  is  a  measure  of  bed  permeability.)   Dust  losses  were  high,  however, 
owing  to  abrasion  of  the  briquets  as  they  descended  the  furnace  shaft. 

Chemical  Coke  from  Traveling-Grate  Stoker 

Considerable  interest  has  been  shown  in  recent  years  in  the  production  of 
chemical  coke  on  traveling-grate  stokers.   Chemical  coke  can  be  used  instead 
of  metallurgical  coke  to  manufacture  products  such  as  calcium  carbide  and 
phosphorous.   A  study  was  made  to  determine  the  effects  of  certain  operating 
variables  on  the  yield  and  characteristics  of  coke  produced  from  a  wide  range 
of  coals  varying  in  rank,  fluidity,  and  coking  properties.     Six  bituminous 
coals,  ranging  in  volatile  matter  from  16.7  to  43.8  percent,  were  successfully 
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carbonized  into  chemical  coke  having  acceptable  physical  properties.   Coke 
yields  varied  with  the  volatile-matter  content  of  the  coals,  but  air-fuel 
ratio  had  the  most  marked  effect  on  coke  yields  and  characteristics  and  on 
furnace  performance. 

Coke  from  Coal -Char  Blends 

An  investigation  was  continued  to  determine  the  feasibility  of  substitut- 
ing char  for  at  least  part  of  the  relatively  expensive  low-  and  medium- 
volatile  coals  now  used  in  Western  coking  operations.   Coke  for  evaluation  is 
produced  from  blends  of  coal  and  char  in  a  500-pound-capacity  electrically 
heated  slot-type  oven.   Cylindrical  retorts  with  a  capacity  of  50  pounds 
(fig.  29)  are  also  available  for  preliminary  tests  and  for  tests  when  only 
limited  amounts  of  coal  are  available,  as  with  Alaskan  samples.   Best  success 
has  been  achieved  by  blending  coal  with  char  produced  from  the  base  coking 
coal  (autogenous  char),  although  chars  from  other  coking  coals  or  from  non- 
caking  or  weakly  caking  coals  have  sometimes  been  effective.   Major  variables 
in  the  process  are  percentage  of  char  in  the  blend,  volatile  matter  content  of 


FIGURE  29.  -  Withdrawing  Coke  Retort  From  Test  Oven. 
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the  char,  and  particle  size  of  the  char.   The  first  Western  coking  coal  being 
studied  is  Sunnyside  high-volatile  A  bituminous  from  Carbon  County,  Utah. 

A  continuous  entrainment  carbonization  pilot  plant  also  was  built  to  pro- 
duce char  of  controllable  volatile  matter  content.   Operating  procedures  for 
lignite  have  been  developed  and  progress  has  been  made  in  processing  strongly 
caking  coal.   The  unit  is  capable  of  processing  up  to  800  pounds  per  hour  of 
any  type  of  coal  directly  into  char  and  tar,  without  pretreatment .   The 
process  is  fundamentally  simple  and  the  equipment  is  relatively  inexpensive, 
contains  a  minimum  of  moving  parts,  and  is  amenable  to  scaleup. 

Limited  work  was  done  in  evaluating  the  coking  characteristics  of  samples 
from  a  19-  to  20-foot  coal  seam  in  Arctic  northwestern  Alaska.   As  indicated 
in  last  year's  report,  this  coal  has  good  coking  properties.   Additional  sam- 
ples studied  in  1967  were  obtained  at  depths  of  59  to  191  feet  by  drilling 
through  the  permafrost  overburden.   Coking  properties  of  the  coal  did  not 
appear  to  be  affected  by  varying  thicknesses  of  permafrost. 

Char  and  Chemicals  from  Low-Temperature  Carbonization 

Process  Development 

External  and  internal  heating  in  the  rapid  carbonization  of  coal  were 
compared  in  tests  with  a  4-inch-diameter  flash  carbonizer  (fig.  30).   Carbon- 
ization temperature,  coal  rate,  and  entraining-gas  composition  were  simulta- 
neously varied  to  determine  the  combination  giving  optimum  yields  and  quality 
of  char  and  liquids.   Sulfur  content  was  considered  the  main  criterion  of  char 
quality.   Internal  heating  produced  char  with  the  least  sulfur,  but  with 
either  method  higher  temperatures  and  lower  coal  rates  produced  lower  sulfur 
char.   Evaluation  of  the  results  was  continued. 

Five  different  low- temperature  tars  from  Pittsburgh-bed  bituminous  coal 
were  studied  by  means  of  a  Bureau-developed  rapid  tar-assay  method  to  deter- 

op 

mine  the  influence  of  carbonization  conditions  on  tar  composition. 

Product  Identification 

Many  of  the  neutral  oil  components  in  a  low- temperature  bituminous  coal 
tar  were  identified.     A  total  of  133  compounds  was  identified  with  respect 
to  individual  isomers,  and  at  least  55  other  compounds  were  indicated  to  be 
present.   Amounts  of  each  were  determined  in  all  instances.   This  comprises 
the  most  comprehensive  characterization  of  a  low- temperature  tar  neutral  oil 
ever  reported. 

32Karr, Clarence, Jr.,  Joseph  R.  Comberiati,  Patricia  A.  Estep,  and  Jesse  0. 
Mapstone.   Effect  of  Carbonization  Conditions  on  the  Composition  of  Low- 
Temperature  Tar  from  Pittsburgh-Seam  Bituminous  Coal.   J.  Inst.  Fuels, 
v.  40,  December  1967,  pp.  561-563. 
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FIGURE  30.  -  Determining  Yield  and  Quality  of  Carbonization  Products. 


Product  Upgrading 

Research  was  continued  on  the  upgrading  and 
lignite  tar.  Pitch  from  the  tar  received  major 
50  weight-percent  of  lignite  tar  is  pitch,  depen 
processing  conditions.  Processes  that  have  been 
include  dehydrogenation,  thermal  cracking,  and  d 
t-ion  is  potentially  attractive  because  the  pitch 
hydrogen,  a  gas  that  has  wide  industrial  demand, 
may  also  prove  useful  as  a  binder  for  metal lurgi 


utilization  of  low- temperature 
attention  in  1967.  From  30  to 
ding  upon  the  tar  source  and 

used  to  upgrade  the  pitch 
elayed  coking.   Dehydrogena- 

contains  about  8.0  percent 
The  dehydrogenated  product 
cal  electrodes. 


Thermal  cracking  of  the  pitch  at  790°  C  (1,455°  F)  produces  oil,  coke, 
and  gas.   Yields  of  these  three  products  were  found  to  depend  largely  on  the 
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feed  rate  of  pitch  to  the  cracker.     Distillate  from  the  oil  contains 
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phthalic  and  maleic  anhydrides,  both  in  demand  for  making  plastics;  residue 
from  the  distillation  is  an  excellent  binder  for  carbon  electrodes  used  in  the 
aluminum  industry.   Coke  from  the  thermal  cracking  of  pitch,  after  calcination 
to  2,500°  F  (1,370°  C) ,  appears  to  be  a  suitable  substitute  for  petroleum  coke 
used  as  aggregate  for  metallurgical  electrodes. 

Delayed  coking  of  lignite  pitch  at  430°  to  650°  C  (805°  to  1,200°  F) 
yielded  coke  (25  to  45  weight-percent),  oil  (17  to  43  weight-percent),  and  gas 
(17  to  39  weight-percent).   The  coke  appears  suitable  for  making  metallurgical 
electrodes  or  low-sulfur  fuel  for  power  generation;  the  oil,  as  a  raw  material 
for  electrode  binders  and  phthalic  and  maleic  anhydrides;  the  gas,  as  a  natu- 
ral gas  substitute  or  source  of  hydrogen  through  steam  reforming. 

Fundamental  Carbonization  Research 

Investigation  of  the  mechanism  and  kinetics  of  coal  carbonization  was 
begun.   The  purpose  of  this  study  is  to  obtain  a  more  scientific  understanding 
of  carbonization  that  can  lead  to  more  efficient  utilization  of  coal. 
Emphasis  has  been  placed  on  investigating  the  plastic  mass  that  develops 
during  carbonization;  that  is,  the  temperature  range  during  which  the  charge 
changes  from  coal  to  coke.   In  one  investigation  chloroform  solubilities  of 
coals  and  chars  were  related  to  various  factors  in  the  process.     It  was 
found  that  the  quantity  of  chloroform  extract  that  can  be  obtained  from  chars 
can  be  altered  by  (1)  creating  a  vacuum  above  the  charge  during  char  prepara- 
tion, (2)  increasing  the  time  during  the  plastic  temperature  range,  and  (3)  util 
izing  different  heating  rates  to  attain  a  given  temperature.   Relationships 
found  between  the  chloroform  solubilities  of  chars  produced  during  the  plastic 
range  and  relative  fluidities  in  this  temperature  range  indicate  that  the 
chloroform-soluble  portion  of  the  char  is  a  significant  component  of  the 
plastic  mass.   Chloroform-extract  yields  from  chars  made  from  blends  of  coals 
cannot  be  calculated  from  chloroform-extract  yields  obtained  from  chars  made 
from  the  component  coals. 

Methods  are  also  being  investigated  to  improve  the  quality  of  carboniza- 
tion products  and  the  economics  of  the  process.   Process  variables  under 
investigation  include  temperature,  bulk  density,  heating  rate,  coal  size,  and 
blending.   Upgrading  of  carbonization  byproducts  also  is  sought  to  improve 
process  economics.   In  one  investigation  varying  the  free  space  above  the  coal 
charge  during  carbonization  (effectively  increasing  the  residence  time  of  the 
vapors)  improved  the  yields  and  quality  of  byproducts.   Since  it  is  not  prac- 
tical to  decrease  the  capacity  of  commercial  coke  ovens,  a  cracking  unit  has 
been  designed  and  constructed  and  preliminary  tests  made  in  which  the  effect 
of  residence  time  and  temperature  outside  the  coking  chamber  is  simulated. 

A  study  was  also  made  of  the  effect  of  carbonizing  conditions  and  coal 
properties  on  the  size  and  strength  of  the  resulting  coke.  '   Quantitative 

Walters,  J.  G. ,  J.  L.  Shultz,  and  J.  A.  Glaenzer.   Chloroform  Extractions 
of  Coals  and  Chars.   BuMines  Rept.  of  Inv.  6973,  July  1967,  28  pp. 

Gomez,  Manuel,  J.  G.  Walters,  and  J.  B.  Gayle.   The  Effect  of  Carbonization 
Conditions  and  Coal  Properties  on  Coke  Size  and  Strength  Parameters. 
BuMines  Rept.  of  Inv.  7024,  September  1967,  34  pp. 
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relationships  were  shown  to  exist  between  various  factors  and  properties  of 
the  coke. 

Coking  Coal  Surveys 

Accelerated  studies  were  begun  on  the  sources  and  amounts  of  metal lurgi- 

on 

cal  quality  coals  in  the  United  States.     Initial  emphasis  will  be  placed  on 
counties  of  southern  Appalachia  where  many  such  coals  are  synonymous  with  low- 
sulfur  coals.   Studies  of  these  coals  are  being  broadened  and  expedited  in 
line  with  forecasts  of  increasing  demands  of  U.S.  coke  and  steel  industries, 
demands  for  exports,  and  air-pollution  regulations. 

Appalachian  Region 

In  1967  carbonizing  properties  were  determined  for  the  principal  coalbeds 
in  Logan  and  Mingo  Counties,  W.  Va.     Carbonization  properties  were  deter- 
mined by  the  BM-AGA  method  at  900°  C  (1,652°  F)  and  the  results  are  correlated 
with  results  from  commercial  coke  ovens.   Coals  carbonized  in  these  tests  rank 
as  high-volatile  A  bituminous  and  represent  the  No.  5  Block,  Stockton,  Chilton, 
Cedar  Grove,  Lower  Cedar  Grove,  Alma,  No.  2  Gas,  and  Eagle  beds  in  Logan 
County,  and  the  Coalburg,  Buffalo  Creek,  Winifrede,  Cedar  Grove,  Lower  Cedar 
Grove,  Alma,  and  No.  2  Gas  beds  in  Mingo  County.   Most  of  the  coals  were  found 
to  be  chemically  suitable  for  metallurgical  coals.   Coals  with  acceptable  ash 
and  sulfur  contents  can  be  blended  with  lesser  amounts  of  higher  rank  coal  to 
yield  satisfactory  coke  for  blast  furnaces. 

The  BM-AGA  test  procedure  has  also  been  used  to  determine  the  effect  of 
carbonizing  temperature  (500°  to  1,100°  C;  930°  to  2,010°  F)  on  the  quantity 
and  quality  of  products  and  the  relation  of  the  chemical  and  physical  proper- 
ties of  coal  to  product  yields,  compositions,  and  properties.  9  Two  previous 
publications  contained  data  on  the  plastic,  agglutinating,  and  free- swelling 
properties  of  coals. 

Utah  and  Colorado 

A  study  was  completed  of  the  effect  of  blending  and  addition  of  entrained- 
bed  char  on  the  carbonizing  properties  of  Utah  bituminous  coals.     Product 
yields  from  low-temperature  carbonization  were  also  estimated  for  129  Utah 
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coals  representing  12  major  coalfields.     In  addition  a  study  was  initiated 
of  the  coal  resources  of  this  region  and  their  future  development,  with  par- 
ticular emphasis  on  special  purpose  characteristics.   This  very  large  area 
covers  12  distinct  coalfields,  the  coking  coals  of  which  are  important  to  the 
steel  industry  of  the  Western  United  States.   Specific  facets  of  the  study 
will  be  reserves,  geology,  minability,  water  availability,  markets,  and  trans- 
portation facilities.   Increased  interest  is  being  manifested  in  the  coal  in 
Utah  and  Colorado,  including  their  potential  use  for  liquefaction  and 
gasification. 

SECTION  8.  -  FUELS  AND  CHEMICALS  FROM  COAL  BY  SYNTHESIS  PROCESSES 

Research  was  continued  on  methods  for  producing  chemicals  and  gaseous  and 
liquid  fuels  from  coal.   Hydrogen  and  carbon  monoxide  derived  from  coal  can  be 
used  widely  in  the  chemical  industry.   Methane  obtainable  from  coal  is  a  poten- 
tial gaseous  fuel  for  heating  homes  and  supplying  energy  for  industry. 

Gasification,  the  first  step  in  converting  coal  into  fuels  and  chemicals, 
continued  to  receive  major  emphasis,  largely  through  investigation  of  improved 
methods  that  may  be  technically  and  economically  feasible.   Coal  pretreatment, 
gas  purification,  and  gas  synthesis  research  shared  this  attention.   Coal  pre- 
treatment involves  processing  caking  coals  so  they  can  be  gasified  in  both 
fixed-  and  fluid-bed  gasifiers,  which  normally  cannot  utilize  such  coals 
directly  because  of  sticking  and  agglomeration.   Purification  is  necessary  to 
remove  dust  and  unwanted  gases  always  present  in  raw  gas  made  from  coal .   Gas 
synthesis  research  is  being  directed  primarily  to  studies  of  catalysts  that 
can  help  transform  coal  gases  and  tars  into  desired  products. 

Projects  of  the  nature  described  above  seek  to  advance  the  commercializa- 
tion of  coal-conversion  processes  and  thus  exploit  a  significant  market  for 
coal . 

Pipeline  Gas 

Gasification  Process  Development 

Fluid-Bed  Gasification 

Caking-type  coals  are  being  gasified  in  a  fluid-bed  reactor  (fig.  31)  in 
research  aimed  at  reducing  the  cost  of  producing  pipeline  gas  from  coal. 
Successful  gasification  of  caking  coals,  which  now  cannot  be  gasified  without 

Gomez,  Manuel,  W.  S.  Landers,  and  C.  K.  Boyd.   Estimation  of  Low-Temperature 
Carbonization  Product  Yields:   Utah  Coalfields.   BuMines  Rept.  of  Inv. 
6990,  July  1967,  32  pp. 
42Forney,  A.  J.,  R.  F.  Kenny,  and  J.  H.  Field.   Gasification  of  Caking  Coal  In 
a  Free-Fail,  Fluid-Bed  Reactor.   154th  National  Meeting  Am.  Chem.  Soc, 
Div.  of  Fuel  Chem.,  v.  11,  No.  4,  September  1967,  pp.  322-332. 

Forney,  A.  J.,  R.  F.  Kenny,  and  J.  H.  Field.   Free-Fall,  Fluid-Bed  Setup 
Gasifies  Coal.   Chem.  and  Eng.  News,  Sept.  25,  1967,  v.  45,  No.  41, 
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FIGURE  31.  -  Fluid-Bed  Coal  Gasifier. 


67 


pretreatment,  would  permit  pipeline-gas  production  from  many  coals  in  the 
Eastern  and  Midwestern  United  States,  an  area  having  a  large  market  for  pipe- 
line gas.   The  fluid-bed  gasifier  produces  a  higher  proportion  of  the  total 
CH4  (including  methanation)  than  can  be  produced  by  conventional  gasification. 
Achieving  maximum  CH4  yields  has  been  a  prime  objective.   In  tests  to  date 
caking  coal  has  been  converted  into  gas  containing  up  to  20  percent  CH4  on  a 
C02-free  basis. 

A  fluid-bed  gasifier  is  also  being  developed  in  which  air  is  substituted 
for  the  oxygen  normally  used.   Oxygen  utilized  in  the  gasification  of  coal 
with  steam  accounts  for  about  20  percent  of  the  total  cost  of  making  pipeline 
gas  from  coal.   The  fluid-bed  unit  is  being  developed  in  an  effort  to  reduce 
this  cost.   A  baffle  in  the  fluid  bed  and  different  entry  ports  for  air  and 
steam  keep  combustion  products  from  the  coal -air  reaction  (which  provides  heat 
for  the  endothermic  coal-steam  reaction)  separated  from  the  coal-steam  reac- 
tion and  thus  prevent  dilution  of  the  product  gas.   A  major  problem  has  been 
to  determine  if  the  solids  in  the  fluid  bed  mix  sufficiently  to  obtain  good 
heat  transfer  without  mixing  of  the  combustion  and  gasification  streams.   In 
tests  with  a  glass  model  of  the  reactor,  only  5  to  10  percent  mixing  of  the 
two  different  gas  streams  was  observed,  but  heat  had  to  be  added  to  the  solids 
in  the  combustion  section  to  sustain  the  steam-coal  reaction. 

Hydrogasif i cat ion 

Development  work  was  continued  on  a  hydrogasif ication  process  in  which 
coal  is  converted  into  a  gas  meeting  pipeline  specifications  (900  Btu  per 
cubic  foot).   Char  is  produced  in  the  top  section  of  a  reactor  by  the  partial 
devolatilization  of  fine  particles  of  coal  showering  through  a  hot  mixture  of 
hydrogen  and  methane  rising  from  below;  volatile  materials  from  the  coal  are 
simultaneously  hydrocracked  into  more  methane.   In  the  bottom  of  the  reactor, 
char  dropping  from  the  top  section  is  hydrogenated  into  hydrogen  and  methane 
for  hydrocarbonizing  the  coal.   Process  equipment  was  developed  and  coal  was 
successfully  hydrocarbonized  into  char  at  1,560°  F  (850°  C)  (fig.  32).   The 
next  major  objective  is  to  control  the  char  hydrogenation  temperatures  in  the 
bottom  section  of  the  reactor.   A  cooling  coil  was  demonstrated  as  feasible 
-for  temperature  control  and  efforts  were  begun  to  establish  the  size,  shape, 
and  location  of  the  coil. 

A  pilot  plant  designed  for  use  in  further  study  is  shown  in  figure  33. 
Hydrogen  enters  at  the  bottom  (point  A)  and  travels  upward  through  the  char 
converting  part  of  it  into  methane.   Near  the  top  of  the  bed  (point  B) ,  a 
stream  of  hydrogen  mixed  with  methane  is  drawn  off,  cooled,  reheated  by  the 
upper  reaction  chambers  (point  C)  and  is  introduced  (point  D)  at  1,560°  F 
(850°  C)  or  higher  into  a  stream  of  coal  particles.   The  hot  mixture  of  hydro- 
gen and  methane  carbonizes  the  coal  into  char  and  volatile  constituents,  and 
the  latter  are  hydrocracked  to  produce  more  methane  to  enrich  the  product  gas. 
Product  gas  is  continually  drawn  off  at  E,  slightly  above  where  the  hydrogen- 
methane  stream  is  withdrawn  for  recycling  to  the  top  of  the  reactor.   Although 
the  recycle  gas  is  cooled  in  this  system,  hot  gas  recycle  is  desired.   Accord- 
ingly, a  hot  gas  circulating  system  will  be  installed  when  a  suitable 
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FIGURE  32.  -  Coal  Hydrogasification  Reactor. 


compressor  is  perfected. 
A  high- temperature  com- 
pressor was  built  and 
tested  and  is  being 
modified. 

Fundamental  Gasifi- 
cation Research 

A  system  was 
designed  to  obtain  data 
from  which  to  derive 
equations  for  heat  and 
mass  transfer  coeffi- 
cients for  the  steam- 
carbon  reaction  at  1,600° 
to  2,000°  F  (880°  to 
1,100°  C)  and  0  to  100 
psi.   Preliminary  equa- 
tions were  established, 
based  on  current  knowl- 
edge of  the  reaction, 
and  a  lucite  model  of 
the  reactor  and  gas- 
solids  distributor  (fig. 
34)  was  built  to  study 
fluid-bed  mechanics  of 
the  system  prior  to 
establishing  test  limits, 
This  model  is  also  being 
used  to  study  void  space 
and  bubble  formation  in 
fluidized  beds  using 
microwave  attenuation 
as  primary  sensor. 


Compressor 


Coal  hopper 


Dilute  phase 
reaction  zone 


Product 

Char  bed     gas 
cooling  coils 
Dense  phase  (char) 
hydrogenation  zone 
Cooling  water 
Char  ejector 

Char  receiver 


A  calculation  proce- 
dure is  being  developed  to  determine 
the  temperature  of  solid  particles  car- 
ried by  a  gas  stream  through  an  exter- 
nally heated  tube.   Initial  research  on 
particle  temperature  was  done  by  a  con- 
sultant.  Procedures  developed  by  the 
consultant  have  since  been  reviewed  and 
an  ALGOL  computer  program  translated 
into  FORTRAN.   Work  was  subsequently 
begun  on  an  analytical  solution  for  a 
system  of  equations  for  very  small 
segments . 


FIGURE  33.  -  Coal  Hydrogasification  System. 
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Gas  Purification 

Current -voltage  relation- 
ships for  negative  corona  in  air 
at  80°  to  1,500°  F  (27°  to  815°  C) 
and  35  to  80  psig  were  determined 
for  a  pilot-scale  electrostatic 
precipitator  with  an  electrode 


43 


At 


spacing  of  3  inches. 
1,200°  F  (675°  C)  and  35  to  80 
psig,  electrical  characteristics 
for  both  3-inch  and  1-inch  spac- 
ings  agreed  well  with  electro- 
static theory.  Bench-scale 
studies  on  corona  characteristics, 
as  shown  in  the  oscillogram  (fig. 
35),  indicated  that  a  smaller 
than  usual  surface  curvature  in 
the  emission  electrode  provides 
a  higher  sparkover  voltage  and  a 
greater  operating  range  for  pre- 
cipitators at  high  temperatures. 
Modern  theories  of  electron 
detachment  in  electrical  corona 
were  shown  to  apply  to  precipita- 
tors at  (1)  ordinary  temperatures 
and  strong  electric  fields,  and 
(2)  high  temperatures  and  weak 
fields.44 

Gas  Synthesis 
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FIGURE  34.  -  Gas-Solids  Distributor  for  Carbon-Steam 
Reaction  Study. 


Pilot-scale  tests  were  con- 
tinued on  a  tube-wall  reactor  for 
synthesizing  high-Btu  gas  over 
nickel  catalysts.   The  reactor  is 
designed  to  process  2,000  to 
2,500  standard  cubic  feet  of 

43Shale,  C.  C.   Progress  in  High- 
Temperature  Electrostatic  Pre- 
cipitation.  J.  Air  Pollution 
Control  Assoc,  v.  17,  No.  3, 
March  1967,  pp.  150-160. 

44Shale,  C.  C.  New  Concept  of 
Electron  Detachment  for  Air 
in  Negative  Corona  at  High 
Temperature.  BuMines  Inf. 
Circ.  8353,  November  1967, 
11  pp. 


FIGURE  35.  »  Oscillogram  of  Precipitator  Electrode. 

synthesis  gas  per  hour.   In  the  tube-wall  reactor,  the  catalyst  is  flame- 
sprayed  onto  the  surface  of  heat -exchanger  tubes.   Reaction  heat  passes 
through  the  metal  tubes  and  is  removed  by  a  coolant.   The  technique  showed 
promise  in  bench-scale  tests  :   high  rates  of  heat  conduction  between  the  tube 
walls  and  the  heating  medium  resulted  in  long  catalyst  life  at  high  levels  of 
activity. 

Synthesis  of  gasoline  in  a  hot-gas  recycle  system  is  also  under  investi- 
gation.  In  this  system,  hydrogen  and  carbon  monoxide  produced  from  the  gas- 
ification of  coal  are  converted  over  iron  catalyst  into  a  wide  range  of 
hydrocarbons.   Reaction  conditions  can  be  controlled  so  that  most  of  the 
hydrocarbons  constitute  a  gasoline  product.   (Reaction  heat  is  effectively 
controlled  by  recycling  about  20  volumes  of  product  gas  to  each  volume  of 
fresh  feed.)   The  system  is  economically  feasible  only  if  a  very  low  pressure 
drop  is  maintained  across  the  catalyst  bed.   To  make  a  catalyst  configuration 
with  low  resistance  to  gas  flow,  parallel  sheets  of  steel  are  to  be  flame- 
coated  with  catalyst  and  tested  in  the  hot-gas  recycle  system. 
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Coal  Pretreatment 

Study  was  continued  of  the  pretreatment  of  caking- type  coal  to  produce  a 
noncaking  form  that  can  be  gasified  efficiently  and  without  clogging  equipment. 
Caking  coals,  found  mostly  in  the  Eastern  United  States,  become  plastic  and 
sticky  when  heated  to  572°  to  752°  F  (300°  to  330°  C) ,  causing  inefficient 
operation  of  fixed-  or  fluid-bed  gasifiers.   Methods  were  developed  for  pre- 
treating  up  to  1-inch  lumps  of  caking  coal  in  a  fixed  bed  and  up  to  1/4-inch 
caking  coal  in  a  free-fall  system.    A  larger  reactor  (4-inch  diameter)  is 
being  installed  for  tests  to  determine  if  3/8-inch  or  larger  coal  can  be 
treated  successfully  by  the  free-fall  technique.   Successful  pretreatment  of 
3/8-inch  coal  is  desirable  because  coal  of  this  size  can  serve  as  feed  for 
commercial  Lurgi  gasifiers. 

Producer  Gas 

Work  was  continued  on  a  fixed-bed  producer  to  process  highly  caking  bitu- 
minous coals,  without  pretreatment,  into  pressurized  gas.   Pressurized  pro- 
ducer gas  is  potentially  useful  as  a  source  of  hydrogen  and  as  a  fuel  for  a 
variety  of  industrial  applications,  including  metallurgical  furnaces,  glass 
tanks,  and  lime  and  brick  kilns.   Another  important  potential  use  for  producer 
gas  is  as  a  fuel  for  high- temperature  gas-turbine  electric  generators.   Gas- 
burning  turbines  offer  the  prospect  of  electric-power  generation  with  low-cost 
removal  of  S02 ,  an  air  pollutant.   Highly  caking  coals  are  desirable  as  a 
source  of  producer  gas  because  vast  quantities  of  such  coals  are  available 
near  the  major  markets  for  gas. 

Installation  was  completed  of  a  42-inch  pressurized  gas  producer  equipped 
with  a  stirrer  to  prevent  clogging  of  the  bed,  an  adjustable  bed  leveler  and 
coke  breaker,  and  a  positive-discharge  rotary  grate  (fig.  36).   Late  in  1967 
this  producer  was  operated  successfully  for  180  hours  on  anthracite  at  atmos- 
pheric pressure.   Tests  were  then  begun  to  establish  producer  operability  at 
pressures  to  7  psig  before  beginning  runs  with  other  coals  at  higher  pressures 
and  flow  rates. 

Gasoline  and  Organic  Chemicals 

Hydrogenation  of  Coal  Tar 

A  study  is  underway  on  the  hydrogenation  of  a  free-falling  mist  of  coal 
tar  mixed  with  an  equally  fine  spray  of  molten  (or  dissolved)  catalyst.   The 
method  features  the  use  of  large  amounts  of  catalyst  (1  part  tar,  1  part 
catalyst),  which  should  materially  help  reduce  the  residence  time  needed  to 
effect  hydrogenation.   A  major  objective  is  the  effective  conversion  of  tar 
at  short  residence  times  into  low-boiling,  low-sulfur  liquid  fuels. 

Gasior,  S.  J.,  A.  J.  Forney,  and  J.  H.  Field.   Decaking  of  Coal  in  Free 
Fall.   Am.  Chem.  Soc.  Adv.  in  Chem.  Ser.  69,  1967,  pp.  1-7. 

Gasior,  S.  J.,  and  A.  J.  Forney.   Method  of  Producing  a  Non- Agglomerating 
Char  from  a  Strongly  Caking  Coal.   U.S.  Pat.  3,355,363,  Nov.  28,  1967. 
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FIGURE    36.  -  Gas  Producer  for  Highly  Caking  Bituminous  Coals. 
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Hydrogen  and  recycle 
gas  (1,100  cfh) 


Hydrogen-recycle  gas 
100  cfh)  and  liquid 


Tar  and  catalyst  are  sprayed  by  an 
atomizer  (fig.  37)  into  hot  pressurized 
hydrogen  inside  a  reactor  (fig.  38). 
The  tar-catalyst  mist  falls  gently 
through  the  reactor,  hopefully  with 
minimum  growth  of  the  mist  into  larger 
droplets. 

In  preliminary  experiments  with  a 
pilot-scale  system,  significant  amounts 
of  tar  were  hydrogenated  at  860°  F 
(460°  C)  and  2,000  psig  hydrogen  pres- 
sure.  Liquid  products  were  consider- 
ably lower  in  sulfur  and  had  consider- 
ably lower  viscosities  than  the 
starting  material.   Extended  operation 
at  steady  state  conditions  was  not 
achieved,  however,  because  the  feed 
line  tended  to  plug  and  granular  solids 
(mainly  catalyst)  settled  inside  the 
reactor  at  the  discharge  end.   Work  was 
continued  in  an  effort  to  overcome  these  difficulties  and  achieve  longer  oper- 
ating periods. 


FIGURE  37. 


Tar  and  Catalyst  Atomizer  for 
Coal  Hydrogenator. 


Catalysts  for  Hydrogenation 

A  study  is  underway  to  evaluate  the  effectiveness  of  various  catalysts  on 
the  hydrogenation  of  coal  or  tar  into  gasoline  or  pipeline  gas.   Of  major 
interest  is  the  development  of  a  process  in  which  coal  or  tar  is  transformed 
directly  in  one  step,  with  minimum  formation  of  byproducts.   Success  in  this 
undertaking  would  greatly  simplify  the  technology  of  producing  gasoline  and 
high-quality  gas  from  coal. 

About  30  selected  metal  halides  and  10  conventional  types  of  petroleum- 
refining  catalysts  were  tested  in  1967  in  a  1.2- liter  rotating  batch  autoclave 
(fig.  39).   Operations  were  carried  out  with  coal,  pressures  of  1,000  psig  and 
>3,000  psig,  and  equal  weights  of  coal  and  catalyst.   (In  conventional  prac- 
tice, the  catalyst  used  amounts  to  about  1  percent  by  weight  of  the  coal.) 
The  most  active  catalyst  for  low-boiling  oil  production  was  CuBr2  (copper 
bromide),  which  converted  78  percent  of  high-volatile  A  bituminous  coal  with 
a  low-boiling  oil  yield  of  40  weight-percent  of  the  coal  charged.   These 
values  are  appreciably  less  than  the  95  percent  total  conversion  and  54  per- 
cent low-boiling  oil  (mostly  gasoline)  yield  reported  earlier  with  Znl2  (zinc 
iodide)  for  the  same  coal.   Certain  petroleum- refining  catalysts  also  effected 
a  high  total  conversion  of  this  coal,  but  the  products  were  mainly  asphaltenes 
and  nondistillable  oils.   Both  Texas  lignite  and  a  high-volatile  C  bituminous 
coal  were  hydrogenated  readily  over  Znl2  catalyst,  giving  36  and  48  percent 
yields  of  low-boiling  oils,  respectively.   Anthracite  could  not  be  made  reac- 
tive.  Tars  from  the  rapid  carbonization  of  high-volatile  B  coal  from  Utah 
were  successfully  hydrogenated  in  the  presence  of  ZnBr2  (zinc  bromide) 
catalyst. 
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FIGURE  38.  -  Coal  Hydrogenation  Reactor. 
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In  a  novel  lique- 
faction experiment, 
Pittsburgh- seam  bitumi- 
nous coal  was  exten- 
sively hydrogenated  to 
liquids  by  reacting  a 
mixture  of  coal  and  pow- 
dered iron  with  high- 
pressure  steam.   Steam 
pressures  required  were 
1,000  psig  and  above,  at 
temperatures  of  800°  to 
900°  F  (425°  to  480°  C) . 
At  5,000  psig  steam  pres- 
sure and  800°  F  (425°  C) , 
and  a  coal-to-iron  ratio 
of  1  to  12,  the  benzene- 
soluble  oil  yield  was  79 
weight-percent  of  the 
coal  charged,  while  net 
production  of  gaseous 
hydrocarbons  was  only  6 
percent.   The  unusual 
feature  of  these  experi- 
ments was  the  achieve- 
ment of  extensive  hydro- 
genation  by  in  situ 
generation  of  hydrogen 
(from  the  steam- iron 
reactions)  instead  of 
by  preprepared  hydrogen. 
Part  of  the  hydrogen 
generated  in  this  way 
may  react  with  coal 
while  the  hydrogen  is  in 
the  superactive  nascent 
state--a  possibility 
that  merits  further  investigation.   The  method  offers  the  prospect  of  coal 
liquefaction  without  a  hydrogen  plant,  which  is  the  most  expensive  auxiliary 
unit  of  a  conventional  coal  hydrogenation  system. 


FIGURE  39.  -  Studying  Hydrogenation  Catalysts. 


Aluminum  chloride  (A1C13)  in  large  amounts  (1  part  A1C13  to  1  part  coal) 
was  found  to  be  surprisingly  active  as  a  coal  hydrogasif ication  catalyst. 
Furthermore,  it  is  active  at  a  surprisingly  low  temperature.   For  example, 
it  promoted  gasification  of  Pittsburgh-seam  coal  at  temperatures  below  its 
plastic  range.   In  a  60-minute  autoclave  experiment  at  4,000  psig  of  hydrogen 
and  temperatures  as  low  as  660°  F  (350°  C) ,  600°  to  800°  below  that  of  hydro- 
gasification  without  catalyst,  gaseous  hydrocarbons  amounting  to  58  weight- 
percent  of  the  coal  charged  were  produced,  with  inappreciable  amounts  of 
liquids.   Operation  at  this  low  temperature  would  greatly  simplify  the  design 
and  construction  of  a  reactor  for  a  coal  hydrogasif ication  system. 
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SECTION  9.  -  NEW  USES  FOR  COAL 

Hydrogen  Cyanide 

Hydrogen  cyanide  (HCN)  has  been  successfully  synthesized  by  reacting 
powdered  coal  with  ammonia  at  high  temperatures.     A  ceramic  reactor  is  used 
and  is  electrically  heated  to  1,250°  C  (2,280°  F) .   In  a  commercial  plant, 
some  of  the  coal  and  product  gas  would  produce  the  electricity  for  heating. 
Yields  as  high  as  0.7  cubic  foot  per  cubic  foot  of  NH3  consumed  have  been 
obtained.   The  resulting  ammonia  conversion  of  about  75  volume-percent  approxi- 
mates conversion  obtained  in  commercial  processes  utilizing  natural  gas  with 
platinum  catalysts.   Coals  higher  in  volatile  matter  and  methane  gave  the  best 
yields  of  HCN.   Cost  studies  indicate  that  HCN  might  be  profitably  produced 
(with  electric  heat)  from  coal  and  ammonia  in  a  40,000,000-pound-per-year 
capacity  plant  at  a  market  price  of  11.5  cents  per  pound,  if  credit  is  applied 
for  carbon  black  and  char,  byproducts  in  the  process.   A  cheaper  heating 
method  would  improve  the  economics  of  the  process.   In  more  recent  tests, 
ammoniating  the  coal  prior  to  the  reaction  failed  to  appreciably  increase  the 
yields  of  HCN. 

Carbon  Black 

Study  was  continued  of  the  production  of  carbon  black  from  coal.   Based 
on  coal  rate,  carbon  black  yields  from  a  de-ashed  coal  containing  about  43 
percent  volatile  matter  and  less  than  0.5  percent  ash  approached  20  percent, 
the  value  previously  obtained  with  cannel  coal  containing  55  percent  volatile 
matter.   Carbon  blacks  made  from  coal  were  tested  and  evaluated  for  use  in 

A     7 

rubber  manufacture  and  other  applications.     A  larger  unit  was  installed 
(fig.  40)  to  produce  more  carbon  black  for  testing  and  evaluation. 

Lignite  as  Soil  Conditioner  and  Fertilizer 

Lignite  and  leonardite,  a  naturally-occurring  oxidized  form  of  lignite, 
are  being  investigated  to  determine  if  they  will  beneficiate  soil  and  assist 
plant  growth.   Successful  use  of  these  materials  as  a  humus  could  lead  to 
large-scale  application  as  a  nutrient  carrier  and  soil  ameliorant. 

Permeability  and  moisture  retention  tests  were  run  on  artificial  soil 
to  which  had  been  added  various  concentrations  of  lignitic  materials.   (The 
soil  consisted  of  sized  fractions  of  kaolin  and  sand.)   No  change  in  physical 
properties  was  indicated  in  72-hour  tests.   Soil  samples  treated  with  ionic 

46 Johnson,  G.  E.,  W.  A.  Decker,  A.  J.  Forney,  and  J.  H.  Field.   Hydrogen 

Cyanide  Produced  from  Coal  and  Ammonia.   153d  National  Meeting  Am.  Chem. 

Soc,  Div.  Fuel  Chem.,  v.  11,  No.  2,  April  1967,  pp.  402-416. 
Johnson,  G.  E. ,  W.  A.  Decker,  A.  J.  Forney,  and  J.  H.  Field.   Hydrogen 

Cyanide  from  the  Reaction  of  Coal  with  Ammonia.   BuMines  Rept.  of  Inv. 

6994,  August  1967,  17  pp. 
47 Johnson,  G.  E.,  W.  A.  Decker,  A.  J.  Forney,  and  J.  H.  Field.   Carbon  Black 

Produced  from  Coal.   Rubber  World,  v.  156,  No.  3,  June  1967,  pp.  63-68. 


77 


■> 


species  roughly  corre- 
sponding to  the  mineral- 
ization of  natural  soil 
showed  decreased  perme- 
ability, except  for  iron 
additions  which  produced 
a  significant  increase. 
The  pH  of  alkaline  soil 
was  significantly 
reduced  by  the  addition 
of  1  weight-percent  of 
oxidized  lignite. 

Additional  hydro- 
ponic  tests  at  the  0.1 
percent  humate  level 
indicated  a  significant 
increase  in  growth  rate 
and  possible  earlier 
maturation  of  fruit. 
Moreover,  chlorophyll 
production  appeared  to 
respond  favorably  to 
humate  application. 
This  is  further  sup- 
ported by  the  fact  that 
nutrient  solutions  con- 
taining soluble  portions 
of  leonardite  effected 
rapid  recovery  of  chlo- 
rotic  plants. 


The  outdoor  test 
plots  experienced  a  gen- 
erally poor  growing  sea- 
son.  Moreover,  the  soil 
selected  was  highly 

alkaline  and  saline,  high  in  clay,  and  contained  very  little  natural  humus. 

While  the  addition  of  leonardite  significantly  reduced  the  pH,  results  of  the 

growth  tests  were  not  conclusive.   Nevertheless,  promising  trends  resulting 

from  the  addition  of  leonardite  were  observed. 


FIGURE  40.  -  Carbon  Black°Hydrogen  Cyanide  Unit. 


Root  initiation  tests  on  beans  and  peas  showed  positive  correlation  with 
soil-derived  humus  and  with  indole  acetic  acid.   The  mechanism  of  this  effect, 
using  chlorella,  is  to  be  examined  in  cooperation  with  the  Biology  Department, 
University  of  North  Dakota. 

Synthesis  of  Food  from  Coal 

Coals  are  being  explored  as  possible  media  for  the  microbial  production 
of  food  materials.   In  1965  yields  of  proteins  from  microbial  growth  on 
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Fischer-Tropsch  fractions  from  coal  and  heavier  materials  from  low- temperature 
coal  tar  compared  favorably  with  yields  from  a  petroleum-derived  substrate. 
Subsequently,  low-rank  coals  such  as  leonardite,  lignite,  and  subbituminous 
were  treated  in  various  ways  to  solubilize  as  much  of  the  coal  as  possible  to 
obtain  less  expensive  substrates  than  are  produced  from  Fischer-Tropsch  frac- 
tions.  Microbes  were  successfully  cultured  on  a  nitric  acid  extract  of 
leonardite,  but  the  method  was  deemed  too  expensive  to  warrant  further 
research.   Water  extracts  of  leonardite,  lignite,  or  subbituminous  coal  sup- 
ported growth  of  a  yeast  culture,  Candida  tropicalis,  to  a  limited  degree. 
Cultures  grown  in  water  extract  increased  from  1,000  cells  per  milliliter  to 
500,000  cells  per  milliliter  after  3  days1  incubation  at  30°  C  (86°  F) ;  con- 
trol cultures  did  not  significantly  increase.   This  slight  cell  yield  was 
equivalent  to  the  production  of  1  milligram  of  yeast  protein  per  100  grams  of 
coal  treated.   More  recently,  addition  of  inexpensive  supplementary  growth 
materials  and  re-extraction  of  the  coal  with  water  produced  a  200-fold 
increase  in  cell  yield.   Although  this  is  a  significant  improvement  over  the 
initial  results,  the  cell  yield  still  is  very  small.   Nevertheless,  the 
results  are  encouraging  enough  to  justify  additional  study. 

SECTION  10.  -  COMPOSITION  AND  PROPERTIES  OF  COAL  AND  RELATED  PRODUCTS 

Coal  Structure 

A  low- temperature  char,  much  like  coal  char,  was  prepared  by  heating 
cotton  and  pine  sawdust  for  2  years  at  200°  C  (390°  F)  in  sealed  capsules. 
Infrared  and  electron  paramagnetic  resonance  spectra  of  the  new  char  were  very 
similar  to  those  of  bituminous  coals. 

1  ft 
01  -labeled  chars  were  prepared  from  pure  compounds  in  an  effort  to  deter- 

mine  whether  C=0  groups  produce  the  infrared  band  at  1,600  cm"  .   Observation 

of  isotopic  shifts  in  carbonyl  compounds  in  the  chars  and  in  strongly  chelated 

C=0  compounds  showed  that  the  0   isotope  shift  for  strong  chelates  decreased 

to  zero.   Results  were  indeterminate. 

A  study  was  made  of  the  first  nuclear  magnetic  resonance  spectrum  of  the 
C   nuclei  in  a  coal  extract.     Also,  proton  relaxation  times  were  measured 
in  the  first  application  of  pulsed  NMR  spectroscopy  in  coal  structure  research. 
The  times  were  short  because  of  the  presence  of  paramagnetic  substances.   Also 
measured  were  the  relaxation  times  of  C   nuclei  in  an  amorphous  carbon,  a 

■1  Q 

methylene  group,  and  a  carbonyl  group.   Comprehensive  C   NMR  studies  were 
carried  out  on  4- substituted  pyridines  and  aromatic  hydrocarbons.     Studies 

4bRetcofsky,  H.  L.,  and  R.  A.  Friedel.   The  Potential  of  C13  NMR  in  Coal 
Research.   154th  National  Meeting  Am.  Chem.  Soc,  Div.  of  Fuel  Chem. , 
v.  11,  No.  4,  Sept.  10-15,  1967,  pp.  247-253. 
9Retcofsky,  H.  L.,  and  R.  A.  Friedel.   Carbon-13  Nuclear  Magnetic  Resonance 
Studies  of  4-Substituted  Pyridines.   J.  Phys.  Chem.,  v.  71,  1967, 
pp.  3592-3596. 
Retcofsky,  H.  L.,  J.  M.  Hoffmann,  Jr.,  and  R.  A.  Friedel.   Experimental  Test 
of  the  Theory  of  Carbon  Chemical  Shifts  in  Conjugated  Molecules.   J.  Chem. 
Phys.,  v.  46,  1967,  pp.  4545-4546. 
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of  coal  carbonization  processes  with  different  atmospheres  demonstrated  that 
the  resulting  coal  tars  vary  in  chemical  compositions.   Twice  the  number  of 
structural  types  were  discovered  in  coal  tar  pitch,  for  instance,  than  were 
previously  known  to  be  present.   Weathering  of  road  tars  for  12  and  24  months 
increased  molecular  weights,  ring  size,  and  oxygenated  compounds.   The  low 
reactivity  of  coke-oven  pitches  to  oxygen  and  other  gases  correlates  with  the 
low  cata-  to  peri-condensed  ratio  of  polynuclear  aromatics. 

A  surprising  70  percent  of  high-volatile  A  bituminous  coal  in  quinoline 
was  solvated  by  80  Kc  ultrasonic  irradiation  at  21°  C  (70°  F) .   A  highly 
soluble  reduced  vitrain  showed  an  increase  in  hydroaromatic  and  oxygenated 
compounds  and  a  decrease  in  sulfur  compounds.   These  data  support  the  hypothe- 
sis of  Reggel  and  coworkers  on  high  solubility  of  reduced  coals. 

Coals,  coal  macerals,  and  coals  during  electron  irradiation  and  after 
electrochemical  reduction  were  investigated  by  electron  paramagnetic  resonance 
(EPR)  spectrometry.   The  free  radicals  in  low-rank  coals  appear  to  be  oxygen- 
containing  species.     Studies  of  the  temperature  dependence  of  the  EPR  spec- 
tra of  coals  showed  near-Curie  Law  behavior.   High-frequency  (35  GHz)  EPR 
spectrometry,  applied  to  coal  for  the  first  time,  indicated  that  only  one 
type  of  free  radical  is  present.   Electrochemically  reduced  coal  showed  a 
decrease  in  resonance  stabilization  of  the  free  radicals,  while  in  situ 
spectra  of  coals  during  irradiation  with  6  mev  electrons  showed  only  minor 
changes.     Anion  radicals  and  the  lifetime  of  the  free  electron  were 
studied  in  the  Li-hexamethylphosphoramide. 

Atomic  and  molecular  structural  arrangements  in  paracrystal line  or  dif- 
fusely scattering  materials  such  as  carbons,  coals,  and  cokes  can  readily  be 
determined  by  X-ray  diffraction  techniques.   Diffraction  data  for  such  mate- 
rials, however,  require  very  precise  correction  and  calculation  procedures  to 
obtain  meaningful  results.   A  recent  study  describes  a  method  for  deriving 
precise  absolute  diffraction  intensities  from  experimental  data.     This 
method  has  been  applied  to  analysis  of  the  X-ray  diffraction  patterns  of 
carbon  blacks  produced  from  coals.     Carbon  blacks  are  generally  supposed  to 
consist  of  stacks  of  graphitelike  carbon  atom  layers.   This  investigation 
revealed  that  the  diameters  of  layers  in  carbon  black  made  from  coal  range 
from  15  to  17  A  and  the  stack  heights  from  13  to  14  A.   These  structural 
parameters  were  similar  to  those  in  two  commercial  carbon  blacks,  20-A  layer 
diameter  and  14-  to  20-A  stack  height,  indicating  that  the  coal  blacks  would 
be  commercially  acceptable. 

50Retcofsky,  H.  L.,  J.  M.  Stark,  and  R.  A.  Friedel.   E.P.R.  g-Values  of  Coals. 
Chem.  and  Ind.,  1967,  pp.  1327-1328. 

51Retcofsky,  H.  L.,  A.  G.  Sharkey,  Jr.,  and  R.  A.  Friedel.   Electron  Paramag- 
netic Resonance  of  Coals  During  Electron  Irradiation.   Fuel  (London), 
v.  46,  1967,  pp.  109-114. 
Ergun,  Sabri,  James  Bayer,  and  Wayne  Van  Buren.   Normalization  and  Absorp- 
tion Correction  of  Arbitrary  X-Ray  Scattering  Intensities  of  Paracrystal- 
line  Substances.   J.  Appl.  Phys.,v.  38,  No.  9,  August  1967,  pp.  3540-3544. 
Bayer,  James,  and  Sabri  Ergun.   An  X-Ray  Study  of  Carbon  Blacks  Produced 
from  Coals.   Carbon,  v.  5,  April  1967,  pp.  107-111. 
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FIGURE   41.  -  Comparison  of  Analytical 
Methods  for  Sulfur  in  Coal. 
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FIGURE  42.  -  Refractive  Indices  for  Graph- 
ite and  Vitrinites  in  Coals  of 
Different  Rank. 


X-ray  fluorescence  analysis  has  been  demonstrated  to  be  at  least  as  pre- 
cise as  the  ASTM  standard  chemical  analysis  for  determining  the  sulfur  content 
of  coal.   Figure  41  shows  a  comparison  of  results  by  the  two  methods.   Further- 
more, in  but  little  additional  time,  the  concentration  of  magnesium,  aluminum, 
silicon,  calcium,  and  iron  in  the  coal  can  be  similarly  determined,  and  the 
ash  content  of  the  coal  can  be  calculated  as  precisely  as  can  be  obtained  by 
the  standard  method. 


Iron  compounds  in  carbonaceous  mixtures  can  be  identified  in  their  origi 
nal  state,  without  decomposition  to  ash,  by  nuclear  absorption  techniques. 
The  spectral  fine  structure  of  pyrite  and  other  iron  compounds  in  coal,  for 
example,  is  readily  identifiable.   An  unknown  spectrum  obtained  in  several 
coals,  still  under  study,  may  be  either  an  organic  or  an  inorganic  iron  com 
pound.   It  is  partly  characterized  as  ferrous  iron  in  sixfold  coordination. 
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Optical  properties  of  coals  have  been  extensively  studied  because  they 
serve  as  a  basis  for  identifying  the  petrographic  components  and  help  provide 
an  understanding  of  carbon  atom  arrangements.   Optical  properties  of  graphite, 
the  product  of  coal  metamorphism,  help  furnish  an  insight  into  the  electronic 
band  structure  of  graphite.   A  summary  was  published  of  Bureau  of  Mines 
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investigations  in  the  field  over  the  last  20  years.     It  traces  the  pioneer- 
ing efforts  of  the  Bureau  in  measuring  the  optical  constants  of  coal  compo- 
nents and  graphite  and  developing  equipment  and  methods  for  applying  such 
measurements  to  prediction  of  coal  behavior  in  utilization  processes.   Figure 
42  shows  changes  in  the  indices  of  refraction,  in  the  near  infrared  part  of 
the  electromagnetic  spectrum,  of  coals  ranging  in  rank  from  bituminous  to 
meta-anthracite  and  their  relation  to  those  of  graphite.   Figure  43  shows 
equipment  for  automated  microscopic-computer  analysis  of  petrographic  com- 
position of  coal,  based  on  reflectance  differences.   This  apparatus  is  pres- 
ently being  used  to  determine  the  sizes  and  distribution  of  pyrite  in  coals. 

Equations  were  derived  for  calculating  optical  constants  of  graphite, 
parallel  and  perpendicular  to  the  layer  planes,  from  reflectance  measurements 
on  natural  crystals.     These  equations  apply  to  all  anisotropic  absorbing 
substances,  such  as  high-rank  coals.   Similar  determinations  were  made  through 
the  ultraviolet-visible  spectrum,  including  a  region  in  which  the  absorption 
of  the  transverse  (in  the  layer  planes)  vibration  goes  through  a  maximum,  but 
not  that  perpendicular  to  the  layers. 

Coke  Strength  as  a  Function  of  Coal  Composition 

A  study  was  made  to  determine  the  relation  between  the  strength  of  coke 
and  the  composition  of  the  coal  from  which  it  was  produced.   Eighty-four 
American  coking  coals  were  used.   Of  the  11  variables  that  were  related  to 
coke  strength  index,  the  nitrogen,  sulfur,  hydrogen,  and  oxygen  content  of 
the  coal  correlated  poorly,  as  did  the  atomic  H/C  and  0/C  ratios.   The  coke 
strength  indexes  increased  with  increase  in  carbon  content  or  heating  value 
of  coal,  but  the  opposite  was  true  for  increase  in  moisture,  volatile  matter 
and  ash. 

To  improve  the  correlation,  two  composition  variables,  and  later  three, 
were  related  to  each  of  the  three  indexes.   Seven  variables  were  used;  that 
is,  all  the  11  variables  except  nitrogen,  sulfur,  and  the  two  atomic  ratios. 
The  results  showed  that  an  increasing  number  of  composition  variables  in  the 
correlation  increased  the  correlation  coefficient  much  more,  percentagewise, 
than  it  decreased  the  standard  error  of  estimate.   Such  improvement  is  more 
evident  among  average  correlations  with  fewer  variables  than  among  the  better 
correlations . 


„_ . 
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FIGURE   43.  -  Determining  Size  and  Distribution  of  Pyrite  in  Coal, 
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Coal  Plasticity  as  Related  to  Coal  Composition 

Eighty-four  American  coking  coals  were  given  plasticity  and  coking  tests 
to  study  the  dependence  of  the  plastic  properties  of  the  decomposition  prod- 
ucts upon  six  composition  variables  of  the  coal.   Among  significant  correla- 
tions with  one  composition  variable,  the  characteristic  temperatures  of  the 
plastometer  and  dilatometers  increased  with  increase  in  carbon  content  or 
heating  content  of  coal  (maf)  but  decreased  with  increase  in  volatile  matter, 
hydrogen,  and  oxygen;  ash  failed  to  correlate  at  any  temperature.   Among  cor- 
relations with  two  composition  variables  there  were  discrepancies  in  the 
effects  of  composition  value  on  the  characteristic  temperatures.   Similarly, 
the  maximum  contraction  and  maximum  and  final  dilatations  of  the  Hoffmann 
dilatometer  and  the  maximum  dilatation  of  the  Audibert-Arnu  dilatometer 
increased  with  increase  in  carbon  content  or  heating  value  of  the  coal  but 
decreased  with  the  oxygen  content.   The  same  was  true  for  carbon,  heating 
value,  and  oxygen  with  respect  to  values  from  agglutinating,  free-swelling, 
Gray-King,  and  sole-heated  expansion  tests.   However,  the  maximum  contraction 
of  the  Audibert-Arnu  dilatometer  decreased  with  carbon  content  and  heating 
value,  but  increased  with  oxygen  content. 

SECTION  11.  -  CHEMISTRY  OF  COAL 

Coal  Reactions  at  High  Temperatures 

Attempts  are  being  made  to  produce  useful  chemicals  by  irradiating  coal 
with  laser  energy.     Yields  of  acetylene  from  laser  irradiation  of  coal  were 
increased  as  the  particle  size  of  the  coal  was  reduced  from  250  to  45  microns, 
About  50  to  60  percent  of  an  irradiated  high-volatile  A  bituminous  coal  was 
gasified.   No  difference  in  products  due  to  change  in  wavelength  was  found  at 
irradiations  at  6,943  A  and  10,000  A.   Temperatures  of  several  thousand 
degrees  were  indicated  by  the  velocity  of  the  luminous  front  (measured  by 
high-speed  photography).   A  continuous  laser  was  installed  for  irradiating 
coals. 

Coal  Reactions  by  Ultrasonic  Energy 

A  study  was  made  of  chemical  reactions  produced  by  exposing  coal  deriva- 
tives to  ultrasonic  energy. 


Karn,  F.  S.,  R.  A.  Friedel,  and  A.  G.  Sharkey,  Jr.   Distribution  of  Gaseous 
Products  from  Laser  Pyrolysis  of  Coals  of  Various  Ranks.   Carbon,  v.  5, 
1967,  pp.  25-32. 
Shultz,  J.  L.,  and  A.  G.  Sharkey,  Jr.   Gases  from  Laser  Irradiation  of  Coal 
Effect  of  Argon  Atmosphere  and  Catalyst.   Carbon,  v.  5,  1967,  pp.  57-59. 
69Kessler,  T.,  A.  G.  Sharkey,  Jr.,  and  R.  A.  Friedel.   Chemical  Reactions 
Produced  by  Exposing  Coal  Derivatives  to  Ultrasonic  Energy.   BuMines 
Rept.  of  Inv.  7027,  October  1967,  11  pp. 
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Electrochemical  Treatment  of  Coal 

Electrolysis  of  a  solution  of  lithium  or  lithium  chloride  in  hexamethyl- 
phosphoramide  (HMPA)  has  proved  to  be  a  convenient  way  to  obtain  solvated 
electrons  for  reaction  with  coal.   Coal  that  is  only  3  percent  soluble  in 
pyridine  or  HMPA  becomes  90  percent  soluble  when  treated  with  a  solution  of 
lithium  in  HMPA.   This  tremendous  increase  in  coal  solubility  is  probably  due 
to  the  transfer  of  electrons  to  aromatic  rings.   These  negatively  charged  cen- 
ters embedded  in  the  coal  structure  impart  solubility  characteristics  of  a 
polyelectrolyte  and  make  it  possible  to  introduce  reactive  functional  groups 
into  the  coal  molecule.   Treatment  of  coal  dissolved  in  Li-HMPA  with  methyl 
iodide  at  room  temperature  gave  a  product  which  was  90  percent  soluble  in 
pyridine  and  30  percent  soluble  in  benzene  at  room  temperature;  about  one 
methyl  group  per  10  carbon  atoms  was  introduced  into  the  coal  in  this  way. 
This  is  a  new  and  nondestructive  method  for  introducing  reactive  centers  into 
the  coal  molecule  and  should  prove  useful  for  modifying  the  properties  of 
coal. 

Addition  of  hydrogen  to  coal  at  the  beginning  of  electrochemical  reduc- 
tion proceeds  at  a  much  higher  current  efficiency  and  has  a  much  greater 
effect  on  solubility  than  hydrogen  added  during  later  stages  of  reduction. 
The  bulk  of  the  organic  sulfur  in  coal  probably  exists  in  the  form  of  thio- 
phene  sulfur,  as  for  example,  in  dibenzothiophene.61   In  developing  a  method 
for  coal  reduction,  a  powerful  new  system  for  electrochemical  reduction  based 
on  electrolytic  generation  of  solvated  electrons  was  discovered. 

Novel  Reactions  of  Coal 

Oxidation  of  coal  by  means  of  air  and  alkali  produces  a  mixture  of  prod- 
ucts, over  50  percent  of  which  is  benzenepolycarboxylic  acids.   As  a  crude 
"coal  acid"  mixture,  this  has  found  no  market.   However,  a  procedure  is  being 
developed  for  upgrading  these  acids,  partly  by  removing  some  of  the  valuable 
components,  such  as  phthalic  and  pyromellitic  acids,  and  partly  by  selective 
decarboxylation  to  form  isophthalic  and  terephthalic  acids,  both  valuable  in 


60Sternberg,  H.  W. ,  R.  E.  Markby,  C.  L.  Delle  Donne,  and  I.  Wender.   Electro- 
chemical Reduction  of  Coal.   BuMines  Rept.  of  Inv.  7017,  September  1967, 
38  pp. 

61Sternberg,  H.  W. ,  C.  L.  Delle  Donne,  R.  E.  Markby,  and  I.  Wender.   The 
Electrochemical  Reduction  of  a  Low  Volatile  Bituminous  Coal- -Nature  of 
the  Reduced  Material.   Fuel,  v.  45,  No.  6,  November  1966,  pp.  469-482. 

62Sternberg,  H.  W. ,  R.  E.  Markby,  I.  Wender,  and  D.  M.  Mohilner.   Electro- 
lytic Generation  of  Solvated  Electrons  and  Reduction  of  the  Benzene  Ring 
in  Ethanol  Containing  Hexamethylphosphoramide.  J.  Am.  Chem.  Soc,  v.  89, 
No.  1,  Jan.  4,  1967,  pp.  186-187. 
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polymer  production.     The  initial  catalyst  utilized  for  the  decarboxylation, 
cobalt  carbonyl,  has  been  replaced  by  a  more  effective  one--a  derivative 
formed  from  cobalt  carbonyl  and  tributylphosphine.   Further  work  with  differ- 
ent complexing  agents  has  indicated  that  the  ratio  of  terephthalic  to  iso- 
phthalic  acids  can  be  increased,  thus  yielding  greater  quantities  of  the  more 
valuable  acid. 

A  further  improvement  in  the  process  is  the  use  of  acetone  as  solvent  for 
the  decarboxylation  instead  of  the  more  expensive  dioxane.   Methyl  ethyl 
ketone  may  also  prove  useful  as  solvent,  which  could  cut  acids-production 
costs.   This  is  a  promising  approach  to  the  production  of  chemicals  from  coal. 

Reactions  of  Coal  in  Electrical  Discharges 

Gasification  of  coals  is  being  studied  using  microwave-generated  electri- 
cal discharges  in  mixtures  of  hydrogen,  water  vapor,  and  argon.   The  reaction 
of  coal  under  these  novel  conditions  is  of  both  practical  and  theoretical 
interest.   Coal  was  gasified  by  this  method  to  give  acetylene,  methane,  carbon 
oxides,  tar,  and  char.   With  water  and/or  argon  discharges,  hydrogen  was  pro- 
duced; in  a  hydrogen  discharge,  a  net  increase  of  hydrogen  was  observed  for 
bituminous  coal  and  lignite.   Acetylene  accounted  for  15   to  95  percent  of  the 
gaseous  hydrocarbons  produced;  these  are  the  lowest  temperatures  under  which 
acetylene  can  be  formed  from  coal.   Conversion  of  coal  to  hydrocarbons  depends 
on  the  carbon  content  and  the  volatile  material,  as  well  as  gas  in  the  dis- 
charge.  Water  vapor  gasified  coal  to  produce  hydrocarbons  (mostly  acetylene) 
plus  synthesis  gas. 

When  the  products  from  the  discharge  are  rapidly  condensed  at  low  temper- 
ature, as  much  as  40  percent  of  the  carbon  in  the  coal  is  converted  to  gaseous 
hydrocarbons  containing  more  than  90  percent  acetylene.   Here,  the  fixed  car- 
bon is  beginning  to  react,  in  addition  to  the  volatile  matter. 

Vacuum  pyrolysis  of  coal  in  a  discharge  is  also  being  investigated. 
Hydrogen,  carbon  oxides,  and  hydrocarbons--mostly  acetylene- -are  the  gases 
formed.   The  rate  of  gas  evolution  and  the  extent  of  devolatilization  and 
gasification  increase  with  increasing  volatile  matter  content  of  the  coals. 
When  the  pyrolysis  products  are  rapidly  cooled,  they  consist  mainly  of  acety- 
lene and  water,  and  the  yield  of  acetylene  increases  very  significantly.   This 
is  one  of  the  simplest  product  mixtures  that  can  be  obtained  by  gasifying  coal. 

Kaufman,  M.  L.,  S.  Friedman,  and  I.  Wender.   Gas  Chromatographic  Separations 
of  Benzenecarboxylic  Acids  Derived  from  Coal.   Anal.  Chem.,  v.  39,  No.  8, 
July  1967,  pp.  1011-1014. 
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Previous  work  has  shown  that  the  formation  of  gaseous  hydrocarbons  from 
H2-C0  mixtures  is  controlled  by  chemical  equilibria,  even  though  the  discharge 
is  not  in  thermodynamic  equilibrium.   With  H2-C0-N2  mixtures,  about  30  percent 
of  the  CO  is  converted  to  HCN,  3  percent  to  CH4 ,  with  trace  amount  of  C2H2  . 
When  the  products  are  condensed  at  low  temperatures,  about  20  percent  of  the 
N2  is  converted  to  ammonia;  10  percent  of  the  CO  is  converted  to  methylamine, 
and  5  percent  to  methane. 

Reactions  of  coal  and  coal -derived  products  in  an  electrical  discharge 
(corona)  are  also  being  studied  with  a  view  to  obtaining  potentially  market- 
able compounds.   A  mixture  of  carbon  monoxide  and  steam  was  exposed  to  a 
corona  discharge  to  see  if  it  would  stimulate  the  water-gas  shift  reaction: 
H20  +  CO  ^  H2  +  C02 .   Percentage  conversion  of  carbon  monoxide  was  determined 
as  a  function  of  pressure,  gas  flow  rates,  temperature,  electrical  power,  and 
alternating  current  frequency.6 

Dehydrogenation  of  Coal 

Work  was  continued  on  the  production  of  hydrogen  by  catalytic  dehydrogen- 
ation of  coal.   The  production  of  hydrogen  by  such  a  process  may  help  in  estab- 
lishing a  synthetic  liquid  fuel  industry  based  on  coal. 

Catalytic  dehydrogenation  of  a  petroleum  asphalt  in  the  absence  of  a 
nitrogen-containing  vehicle  gave  large  amounts  of  methane  and  ethane,  as  well 
as  hydrogen.   In  the  presence  of  vehicle,  only  hydrogen  was  evolved,  which 
indicates  that  palladium  is  a  dual -function  catalyst,  acting  both  as  a  dehydro- 
genating  catalyst  and  a  cracking  catalyst.   The  nitrogen  in  the  vehicle  poi- 
sons the  cracking  sites  (of  the  catalyst)  but  does  not  interfere  with  dehydro- 
genation of  hydroaromatic  structures.   This  explains  why  dehydrogenation  of 
coal  with  palladium  and  a  nitrogenous  vehicle  yields  almost  pure  hydrogen. 

Mild  oxidation  of  coal  with  air  at  100°  C  (212°  F)  did  not  decrease  the 
yield  of  hydrogen  gas  produced  during  dehydrogenation.   This  is  unlike  the 
coking  behavior  of  coal:   coking  is  greatly  diminished  by  brief  air  oxidation 
at  room  temperature.   This  may  be  commercially  important  since  it  indicates 
that  storage  of  coal  before  dehydrogenation  would  present  no  problems.   Air 
oxidation  at  150°  C  (302°  F)  for  2  days  was  required  to  cause  a  moderate 
decrease  in  the  hydrogen  yield. 

A  bench-scale  unit  is  being  built  for  experiments  with  larger  quantities 
of  coal . 

Hydrogenation  of  Coal 

Hydrogenation  of  coal  to  liquid  fuels  by  present  methods  involves  the  use 
of  costly  hydrogen  gas,  but  Bureau  scientists  have  found  a  way  to  hydrogenate 
coal  with  carbon  monoxide  and  water  instead.   Carbon  monoxide  and  water,  for 

6bRuppel,  T.  C,  P.  F.  Mossbauer,  and  D.  Bienstock.   The  Effect  of  Corona  on 
the  Reaction  of  Carbon  Monoxide  and  Steam.   153d  National  Meeting,  Am. 
Chem.  Soc,  Div.  of  Fuel  Chem.,  v.  11,  No.  2,  April  1967,  pp.  220-232. 
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example,  was  shown  to  be  more  effective  than  hydrogen  in  converting  bituminous 
coal  or  lignite  to  heavy  oil  in  the  absence  of  catalysts.   Bituminous  coal 
dissolved  in  an  equal  weight  of  phenanthrene  and  heated  for  2  hours  at  400°  C 
(750°  F)  under  an  initial  hydrogen  pressure  of  1,000  psig  gave  a  66-percent 
yield  of  benzene- soluble  product;  carbon  monoxide  and  water  at  the  same  condi- 
tions gave  a  71-percent  yield  of  benzene  solubles.   Lignite  dissolved  in  an 
equal  weight  of  1-to-l  phenanthrene-a-naphthol  at  1,000  psig  initial  hydrogen 
pressure  in  1  hour  at  377°  C  (710°  F)  gave  a  79-percent  yield  of  benzene- 
soluble  oil;  with  carbon  monoxide  plus  water,  however,  the  conversion  was  84 
percent,  and  raising  the  initial  carbon  monoxide  pressure  to  1,500  psig 
increased  the  conversion  to  92  percent.   Sulfur  content  of  the  product  was 
about  0.3  percent.   Reaction  of  coal  with  carbon  monoxide  and  water  was  faster 
than  reaction  with  hydrogen. 

SECTION  12.  -  ANALYTICAL  AND  TEST  PROCEDURES 

A  revised  bulletin  was  published  describing  methods  used  by  Bureau  of 
Mines  laboratories  to  analyze  and  test  coal  and  coke.5    Since  it  was  organ- 
ized the  Bureau  has  continued  efforts  to  improve  the  precision  of  analytical 
procedures  and  to  develop  rapid  methods  for  determining  the  chemical  and 
physical  properties  of  coal. 

Analytical  methods  described  for  the  first  time  are  a  flame  spectro- 
photometric  method  for  the  determination  of  alkali  oxides,  a  potentiometric 
determination  of  chlorine  in  coal,  and  rapid  methods  for  analysis  of  coal  ash. 
Additional  test  methods  include  the  determination  of  grindability  of  coal, 
equilibrium  moisture  in  coal,  and  f loat-and-sink  analysis.   Plastometric  and 
dilatometric  methods  to  determine  coking  properties  of  coal  are  described,  as 
well  as  assay  procedures  for  determining  low-temperature  carbonization  yields. 

International  developments  in  methods  of  sampling  and  testing  solid  and 
gaseous  hydrocarbon  fuels  were  reviewed  for  the  period  October  1964  through 
September  1966.     Most  of  the  investigations  concerning  coal  and  coke  were 
related  to  present  standard  methods  and  were  proposed  to  increase  analytical 
speed  and  accuracy. 

Fluorine  in  Coal 

A  method  of  determining  traces  of  fluorine  in  coal  was  developed  and 
applied  to  U.S.  coals.     Coal  samples  mixed  with  calcium  oxide  as  a  fixer 
for  fluorine  were  ashed  at  600°  C  and  the  residue  was  fused  with  sodium 
carbonate.   The  melt  was  dissolved  in  a  mixture  of  phosphoric  and  sulfuric 

66Staff,  Office  of  the  Director  of  Coal  Research.   Methods  of  Analyzing  and 
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acids  and  distilled  to  separate  the  fluorine,  which  was  then  determined  in  the 
distillate  by  a  SPADNS-zirconium  spectrophotometry  method. 

Fluorine  in  83  commercial  coals  ranged  from  0.001  to  0.019  percent.   It 
has  been  suggested  that  fluorine  in  coal  may  be  associated  with  phosphorus 
in  a  f luorapatite-type  mineral.   However,  while  it  was  found  that  high- 
phosphorus  coals  generally  gave  high  fluorine  values,  the  fluorine  and  phos- 
phorus contents  did  not  correlate,  indicating  that  these  elements  must  come 
from  other  minerals  present  in  addition  to  the  f luorapatite. 

Arsenic  in  Coal 


Experiments  on  the  application  of  an  International  Standards  Organization 
(ISO)  colorimetric  method  showed  that  arsenic  in  coal  can  be  extracted  with 
hot  dilute  nitric  acid  (1:7)  by  a  method  similar  to  that  used  for  determining 
pyritic  sulfur. 

Minerals  in  Coal 


Research  was  conducted  on  methods  for  analyzing  minerals  and  inorganic 
compounds  in  coal,  mine  refuse,  fly  ash, and  boiler  deposits.   Coal  ash, 
obtained  below  150°  C  (302°  F)  in  an  electronic  asher,  and  coal  were  examined 
by  infrared  spectroscopy.     Pyrite  was  revealed  as  having  three  characteris- 
tic absorption  bands  in  the  newly  available  low-frequency  region  (650  to  200 
cm-1),  but  none  in  the  regular  infrared  region  at  higher  frequencies.   The 
low-frequency  infrared  region  was  also  used   to  identify  (1)  kaolinite,  alpha 
quartz,  gypsum, and  calcite  in  low- temperature  ash  from  Pittsburgh- seam  coal; 
(2)  pyrite  in  coal  mine  refuse;  and  (3)  thenardite  and  glauberite  in  boiler 
deposits  from  lignite  combustion.   These  new  analytical  methods  were  also 
applied  to  problems  of  dawsonite  in  oil  shales,  quartz  in  limestone,  apatite 
in  phosphate  rock,  and  other  minerals  of  commercial  significance. 

In  far-infrared  spectroscopy  work,  studies  were  conducted  in  the  50-  to 
600-micron  region  on  the  analysis  of  minerals.   Quantitative  procedures  are 
being  developed,  for  instance,  for  the  sulfate  minerals  thenardite  (Na2S04), 
anhydrite  (CaS04),  and  glauberite  (CaS04 •Na2S04 )  in  deposits  from  lignite 
combustion  and  similar  samples. 

NMR  spectra  were  obtained  of  sulfur-33  in  solid  samples  and  the  potential 
of  sulfur-33  wide- line  NMR  was  demonstrated  for  the  determination  of  sulfur 
modes  in  coal.   For  example,  although  the  natural  abundance  of  sulfur-33  is 

69Karr,  Clarence,  Jr.,  Patricia  A.  Estep,  and  John  J.  Kovach.   Infrared 

Analysis  of  Minerals  in  Coal  Using  the  650  to  200  cm"1  Region.   Chem.  and 

Ind.,  No.  9,  Mar.  4,  1967,  pp.  356-357. 
Karr,  Clarence,  Jr.,  Patricia  A.  Estep,  and  John  J.  Kovach.   Low- Frequency 

Infrared  Region  Aids  Coal  Minerals  Research.   Inst.  News,  v.  18,  No.  2, 

December  1967,  pp.  1,  5,  6. 
Estep,  Patricia  A.,  John  J.  Kovach,  and  Clarence  Karr,  Jr.   Quantitative 

Infrared  Multicomponent  Analysis  of  Minerals  Occurring  in  Coal.   Am.  Chem. 

Soc,  Div.  of  Fuel  Chem.,  v.  11,  Sept.  10-15,  1967,  pp.  171-184. 
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quite  low  (0.74  percent),  good  signals  were  obtained  for  pyrrhotite  and 
sphalerite,  pyrite-type  minerals  found  in  coal. 

Work  was  continued  on  an  original  quantitative  analysis  of  minerals  and 
inorganics  by  nuclear  quadrupole  resonance.   As  one  example,  a  mixture  of 
potassium  and  sodium  chlorates  gave  two  strong,  widely  separated  signals  for 
chlorine-35. 

SECTION  13.  -  INSPECTION,  SAMPLING, AND  ANALYSIS 

Analytical  services  are  provided  on  a  continuing  basis  to  many  Federal 
Government  installations  purchasing  coal  on  a  specification-penalty  basis, 
an  arrangement  which  saves  substantial  amounts  of  Government  funds  annually. 
Analytical  results  also  are  provided  for  Bureau  of  Mines  research  projects, 
coal-reserve  surveys  in  the  United  States  and  abroad,  and  coal-dust  surveys 
by  Federal  coal-mine  inspectors.   Also,  assistance  is  provided  in  setting  up 
analytical  laboratories  and  evaluating  results  for  industry,  coal  samples  and 
analytical  results  are  furnished  to  educational  institutions  for  classroom 
studies,  and  analyses  are  made  to  help  settle  disputes  among  outside  parties. 

Coal  analyses  serve  not  only  as  the  basis  on  which  Government  agencies 
accept  coal  but  also  help  determine  the  amount  of  payment.     Federal  agencies, 
excluding  the  Atomic  Energy  Commission  (AEC)  and  the  Tennessee  Valley 
Authority  (TVA) ,  purchased  approximately  6-1/2  million  tons  of  coal  during 
1967.   Requests  in  1967  for  analyses  to  evaluate  coal  bids  continued  at  about 
the  same  rate  as  the  preceding  year.   Almost  500  tipple  samples  were  analyzed, 
and  approximately  the  same  number  of  samples  was  collected  at  mines  in  14 
States.   For  a  sulfur  study  by  the  Public  Health  Service  (PHS),  33  samples 
were  collected  from  7  States.   For  military  export  quality-control  programs, 
27  samples  were  collected  at  15  breakers. 

Under  a  working  agreement  with  AEC,  522  samples  of  delivered  coals  were 
collected  and  prepared  at  the  Savannah  River  Operations  Plant,  Aiken,  S.  C. 
At  the  request  of  the  military,  several  installations  were  visited  to  inspect 
coal-sampling  procedures  and  equipment  and  to  recommend  improvements  in  their 
quality-control  programs.   Analytical,  sampling,  and  inspection  service  by  the 
coal  laboratory  at  Anchorage,  Alaska,  continued  to  facilitate  procurement  and 
quality  control  of  coal  purchased  by  the  Government  from  Alaskan  mines.   Power- 
plants  at  Forts  Richardson  and  Wainwright  (U.S.  Army  bases)  and  Elmendorf, 
Eielson,  and  Clear  (U.S.  Air  Force  bases)  were  visited  periodically  to  inspect 
sampling  facilities,  assist  with  coal -sampl ing  procedures  and  problems,  and 
train  coal-sampling  personnel. 

During  1967  about  13,000  samples  of  coal  and  related  material  and  14,000 
coal-mine  dust  samples  requiring  more  than  200,000  laboratory  determinations 
were  analyzed.   Approximately  50,000  chemical  and  physical  determinations  were 
made  on  coal-derived  materials. 

71Aresco,  S.  J.,  and  J.  B.  Janus.   Analyses  of  Tipple  and  Delivered  Samples  of 
Coal;  Collected  During  Fiscal  Year  1966.   BuMines  Rept .  of  Inv.  6904, 
1967,  43  pp. 
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SECTION  14.  -  INTERNATIONAL  ACTIVITIES 

Numerous  economic  and  statistical  studies  were  conducted  to  assist  in 
coordinating  Federal  efforts  to  expand  coal  exports.   Work  was  almost  com- 
pleted on  a  report,  "United  States  Coal  in  World  Markets,"  showing  foreign 
market  trends,  mining  areas,  transportation  charges,  port  facilities,  deliv- 
ered prices,  principal  and  potential  overseas  markets,  and  alternate  sources 
and  trade  routes.   Review  was  made  of  potential  coal  exports  from  southern 
mining  areas  via  the  proposed  Tennessee-Tombigbee  Waterway  connecting  the 
Tennessee  River  directly  with  the  Gulf  of  Mexico  at  the  Port  of  Mobile,  Ala. 
A  preliminary  survey  was  made  of  the  potential  for  overseas  export  of  U.S. 
coal  via  the  St.  Lawrence  Seaway  from  lower  Lake  Erie  ports.   Also  reviewed 
was  the  feasibility  of  moving  coal  from  western  Kentucky  and  southern  Illinois 
for  export  by  barge  via  the  Green,  Ohio,  and  Mississippi  Rivers  and  tranship- 
ment at  lower  Mississippi  ports  into  ocean  carriers. 

Surveillance  was  continued  of  foreign  markets  and  world  energy  trends 
with  the  objective  of  developing  increased  markets  for  U.S.  coal  abroad. 
Continuing  reviews  and  contacts  were  maintained  with  coal  exporters,  foreign 
importers,  consumers,  transportation  media,  and  vessel  charterers  in  the 
interest  of  keeping  abreast  of  foreign  trade  activities  and  greater  distribu- 
tion of  U.S.  coal.   Continued  liaison  was  maintained  with  international 
organizations  with  which  the  United  States  has  close  working  arrangements  for 
the  exchange  of  economic,  trade,  and  technical  information.   Investigations 
were  conducted  to  determine  why  certain  coal  exporters  failed  to  fully  meet 
terms  of  contracts  regarding  volume  and  qualities  of  coal  for  overseas 
markets,  failures  which  threatened  the  ability  of  the  United  States  to  ade- 
quately supply  export  markets  in  some  areas.   Through  coordination  with  the 
Department  of  State,  foreign  importers,  and  U.S.  exporters,  a  slight  drop  in 
deliveries  was  satisfactorily  offset  by  the  end  of  the  year. 

Detailed  current  information  was  maintained  on  the  coal  export  trade, 
which  amounts  to  about  50  million  tons  annually.   The  principal  markets  to 
which  U.S.  coal  moved  in  1966  were  Canada,  Japan,  Italy,  West  Germany,  and 
"other  Europe,"  94  percent;  the  remaining  6  percent  went  to  South  America  and 
other  countries.   The  value  of  U.S.  coal  exports  in  1966  reached  almost  one- 
half  billion  dollars  (mine  price  plus  inland  freight  charges  to  port  of  exit), 
which  was  a  net  gain  for  the  U.S.  balance  of  payments.   More  than  97  percent 
of  U.S.  bituminous  coal  exports  in  1966  originated  in  West  Virginia,  Virginia, 
and  Pennsylvania.   All  commercial  exports  of  anthracite--766,000  tons--came 
from  Pennsylvania. 
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APPENDIX  A. --BUREAU  OF  MINES  ACTIVITIES  CONTRIBUTING  TO  THIS  REPORT 


Bureau  of  Mines  station 


Location 


Main  coal  activities 


HEADQUARTERS  ACTIVITIES 


Minerals  Research: 

\ 

Programing  and  budgeting,  eco- 
nomic analysis,  international 
activities,  Government  fuel- 

\ 

Mineral  Resource  Development : 

1 

1 

engineering  service,  inspec- 
tion and  sampling  of  coal, 

1 

Division  of  Economic  Analysis... 

\ 

boiler-water  research  and 

Division  of  International 

service,  inspections  and 

Activities. 

I 

investigations  in  mines  and 

I 

related  plants,  safety  educa- 
tional work,  mine  fire  con- 

Health and  Safety: 

Division  of  Coal  Mine  Inspection 

1 

trol,  collection  and  analyses 

Division  of  Accident  Prevention 

1 

of  coal  mine  accident-injury 

and  Health. 

/ 

data. 

FIELD  ACTIVITIES 


Minerals  Research: 

Pittsburgh  Coal  Research  Center, 


Pittsburgh  Mining  Research 
Center. 

Explosives  Research  Center 

Morgantown  Coal  Research  Center. 


Grand  Forks  Coal  Research 
Laboratory. 


Anthracite  Field  Office. 


Area  I  Mineral  Resource  Office.... 
Area  V  Mineral  Resource  Office. . . . 
Area  VIII  Mineral  Resource  Office. 

Health  and  Safety  Activities: 
Health  and  Safety  Research 
and  Testing  Center. 


Health  and  Safety  District  A. 


Health  and  Safety  District  C. 
Health  and  Safety  District  H. 


Pittsburgh  and 
Bruceton,  Pa. 


do 

do 

Morgantown,  W.  Va 


Grand  Forks,  N.  Dak. 


Schuylkill  Haven  and 
Wilkes-Barre,  Pa. 

Pittsburgh,  Pa 

Denver,  Colo 

Juneau,  Alaska 

Pittsburgh,  Pa 


.do. 


Mount  Hope,  W.  Va. 
Denver,  Colo 


Preparation,  combustion,  stack- 
gas  purification,  carboniza- 
tion, nonenergy  uses,  liquid 
and  gaseous  products  by  hydro- 
genation  and  catalytic  synthe- 
sis, physical  and  chemical 
properties,  coal  analysis. 

Mining,  coalbed  degasif ication, 
acid  mine  drainage  control. 

Explosions,  explosives. 

Analysis,  preparation,  carboni- 
zation and  combustion,  electric 
generating  systems,  fly  ash 
utilization,  low-temperature 
coal  tar,  gas  producer,  stack 
gas  purification. 

Lignite  preparation  and  combus- 
tion, fouling  properties  of 
lignite  ash,  carbonization  of 
Western  coals,  nonenergy  uses 
for  lignite. 

Anthracite  mining,  mine  drain- 
age, mine  fires. 

Resources  investigations. 
Do. 

Resources  investigations,  sam- 
pling and  analysis. 

Control  of  mine  fires,  roof 
control,  mine  ventilation, 
testing  and  approval  of  per- 
missible mining  and  respiratory- 
protective  equipment,  special 
studies. 

Fire-resistant  hydraulic-fluid 
investigations,  mine-rescue 
communications. 

Gas  and  mine-dust  analyses. 

Gas  and  mine-dust  analyses, 
control  of  mine  fires. 
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APPENDIX  C— -OTHER  PUBLICATIONS 
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and  coke  industry  not  fully  covered  in  this  report. 
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The  Bureau  of  Mines  also  publishes  Mineral  Industry  Surveys  (MIS)  con- 
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and  other  subjects.   The  following  publications  are  included  in  this  series: 

Bituminous  Coal  and  Lignite  Distribution  (quarterly  and  annual). 

Coke  and  Coal  Chemicals  (annual  and  monthly) . 
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Coke  Producers :   Coke  Producers  in  the  United  States  (annual) . 
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Bureau  of  Mines  requirements  for  permissible  mine  equipment  are  set  forth 
in  Schedules  that  are  published  in  the  Federal  Register.  Three  Schedules  were 
undergoing  revision  in  1967 : 

Schedule  2G .   Electric  Motor-Driven  Mine  Equipment  and  Accessories.   Published 
in  the  Federal  Register  as  proposed  rulemaking  to  supersede  Schedule  2F . 
32  F.R.  18098,  Dec.  19,  1967. x 

Schedule  13D.   Self- Contained  Breathing  Apparatus;  Tests  for  Permissibility; 
Fees.   Published  in  the  Federal  Register  as  proposed  rulemaking.   32  F.R. 
8162,  June  7,  1967. 

Schedule  19B .   Supplied-Air  Respirators.   Procedure  for  Investigation,  Tests, 
Certification,  Approval,  and  Fees.   Published  in  the  Federal  Register  as 
proposed  rulemaking.   32  F.R.  20730,  Dec.  22,  1967. 


1  Schedule  2G  (supersedes  Schedule  2F)  was  published  in  the  Federal  Register  in 
1968.   33  F.R.  4460,  Mar.  19,  1968. 
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